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Head and Neck 


1 Topographie Surface Anatomy 

STUDYAIMS 

At the end of your study, you should be able to: 

• Identifythe key landmarks in tbe midline of the neck and their significance 

• State the structures thatare situated atthe le\«l of C6 

• Outline the boundaries of the triangles of the neck 

• Describe the landmarks for palpation of the main arteries, which can be palpated in the face and neck 

• Identify prom i nent features of the face 
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GUIDE 

Head and Neck: Topographie Anatomy 



[Plate 1, Head and Neck] 




Key Landmarks Midline of Neck 


There are a number of landmarks visible on the bodÿs surface that conespond to deeper structures. 

• Hyoid bone 

o Lies at level of C3 vertebra 
o U-shaped bone 

o Does not articulate with any other bone 
o Is suspended bymusdes from 

■ Mandible 

■ Styloid processes of temporal bones 

■ Thyroid cartilage 

■ Manubrium of sternum 

■ Scapulae 

• Thyroid cartilage 

o Formed from anterior, midline fusion of two laminar plates = laryngeal prominence (Atam's apple) 
o Laminae diverge superiorly 

■ Form Vshaped thyroid notch 

■ Lie at the levai of C4 vertebra 

• C4 vertébral level 

o Bifurcation of common carotid artery into extemal and internai carotid arteries 
» Site of carotid sinus (baroreceptor) and carotid body(chemoreceptor) 

• Carotid puise can be palpated at anterior border sternodeidomastoid (level of C5 vertebra) 

• Cricoid cartilage 

o Onlycomplete ring cartilage in respiratorytract 
o Shaped like signet ring with band anteriorly 
o Lower border conesponds to level of C6 vertebra 


3/425 





• C6 vertébral leiel 

o Junction of larynxand trachea 
o Junction of pharynxand esophagus 

o Level at which inferior and middle thyroid arteries enter the thyroid gland 

» \fertebral artery(first branch subdavian artery) enters foramen transiersarium of C6 transverse process to ascend to brain through 
successivelyhigherforamina 

o Superior bellyofomohyoid musde crosses carotid sheatb 
o Leiel of middle cervical sympathetic ganglion 

o Carotid arterycan be compressed and palpated against transverse process C6 

• Isthmus of thyroid gland overlies second and third trachéal cartilages 

• Jugular (suprastemal) notch 

o Concave center of superior border of manubrium 
o Between médial ends of davides 


Other Landmarks in the Neck 

• Platysma 

» Thin, broad sheetof muscle within superfidal fascia of the neck 
o Amusde offadal expression, tensing the skin 
o Draws corners of mouth down, as in a grimace, and depresses mandible 

• External jugular vein 

o Deep to platysma, descends from angle to mandible to midpoint of davide 
o Useful for assessmentof \enous filling with patient sitting at45 degrees 

• Sternodeidomastoid (SCM) 

o Keylandmarkofneck 

o Divides neck into anterior and posterior triangles (Section 1-4: Head and Neck - Neck) 
o Sternal head attaches to manubrium of sternum 
o Clavicular head attaches to superior middle third of davide 

o Can be seen and palpated when acting unilaterally to flexand rotate head and neck to one side, so that ear approaches shoulder 
and chin tums in the opposite direction 


Landmarks of the Face 


• Gabella 

o Smooth midline prominence on the frontal bone 
o Located aboyé the root of the nose, between supraorbital margins 

• Zygomatic arch 

o Forms prom i nence of cheek 
o Can palpate superfidal temporal artery at latéral end 
o Prone to fractures in fadal trauma 

• Mastoid process 

o Bony prominence behind external acoustic meatus 
o Site of proximal attachaient sternodeidomastoid musde 

• Inion-prominent point of external occipital protubérance at back of head 

• Auride-part of external ear 

o Skin-co\ered cartilage, e>cept for lobule 
° Features indude: pinna; tragus; antitragus and hélix 

• External nose 

o Skeleton mainlycartilaginous 

o Dorsum extends from root to apex 

o Inferior surface has two openings or nares (nostrils) 

■ Bounded laterallybyalaeof nose 

■ Separated byskin over nasal septum 

• Philtrum-midline infranasal dépréssion of upper lip 

• Masseter musde 

o Felt over ramus of mandible when teeth are denched 

o Parotid duct can be palpated at médial border (duct opens o\er second molar inside cheek) 

• Temporalis musde can be felt aboie zygomatic arch when teeth denched 

• Facial artery can be palpated over lower margin bodyof mandible in line with a point one tingerbreadth latéral to the angle ofthe mouth 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 

Tracheostomy 

• Transverse incision through skin of neckand anterior wall of trachea 

• IVtethod for achieving a definitive airway 

• Transwerse incision made through skin, at midpoint between suprasternal notch and thyroid cartilage 

• Platysma and pretracheal fascia divided 

• Strap muscles retracted 

• Thyroid isthmus divided or retracted 

• Opening made between first and second trachéal rings or through second through fourth trachéal rings 

• Tracheostomytube inserted 


Clinical Points 

Needle Cricothyrotomy 

• Done in extreme emergency 

• Performed if proximal airwayis obstructed, to temporarilyoxygenate the patient 

• Large-bore needle inserted into the cricothyroid membrane and connected to an oxygen supply 


Clinical Points 

Central venous line 

• Large veins such as the subdavian hâve relatiualy constant relationships to easily identifiable anatomie landmarks 

• Placement of large-bore \enous cathéter in an emergent situation to deliysr high flow of fluid or blood products 

• Used for administration of chemotherapeutic agents, hyperalimentation fluids, and so on 

• Used for assessing right heart (venous) pressures 

• Vfein located in an area bounded by the sternal and davicular atlachments of stemodeidomastoid and the davide-just deep to middle third 
ofdavide 

• Subdavian vein is inferior and anterior to subdavian artery and separated from it by anterior scalene musde 
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2 Bones and Ligaments 

STUDYAIMS 

At the end of your study, you should be able to: 

• Describe the anatomie division of the head into a neuro- and viscerocranium 

• Describe the lunction of the neuro- and viscerocranium 

• Outline the bones thatform the neurocranium 

• Knowthemajorsuturesoftheskull 

• Describe the division of the base of skull into anterior, middle, and posterior cranial fossae and the contents of each 

• List the Ibramina and key structures that pass through them 

• Identify the prominent features of the mandible 

• Describe the structure of the temporomandibular joint and the ligaments thatstabilize it 
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GUIDE 

Head and Neck: Bones and Ligaments 

Bones of head and neck 

• Skull 

• Mandible 

• Cervical vertebrae 


Skull 

The skull is divided into the neurocranium or caldaria (contains the brain and its meningeal coverings) and the viscerocranium (facial skeleton). 
The skull is composed of 22 bones (exduding the middle ear ossides), with 8 forming the cranium and 14 Ibrming the face. The orbits (eys 
sockets) lie between the caluaria (skull cap) and the facial skeleton and are Ibrmed by contributions from 7 different bones. 



Neurocranium 


Viscerocranium 


Ethmoid 

1 

Zygomatic 

2 

Frontal 

1 

Vbmer 

1 

Occipital 

1 

Inferior nasal concha 

2 

Sphenoid 

1 

Maxilla 

2 

Pariétal 

2 

Nasal 

2 

Temporal 

2 

Palatine 

2 



Laaimal 

2 



(Mandible) 

1 

N=22 

8 

+ 

14 
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• Functionofskull 

o Endoses, supporte and protects brain and méningés 
o Contains foramina forttie transmission of nerves and vessels 
o Forms foundation for tfie face 

o Contains specialiæd cavities and openings forsenseorgans (e.g., nasal, oral) 

• Neurocranium 

o Cranial wault and base of skull 
o Endoses and protects brain 
o Composedof8bones 
o Bones united byinterlocking sutures 
o Can be divided 

■ Calvaria-dome-like roof 

■ Cranial base 

o Calvaria composed of4 bones 

■ Frontal bone anteriorly 

■ Ocdpital bone posteriorly 

■ Two pariétal bones laterally 
o Cranial base formed from 

■ Ethmoid bone 

■ Parte of ocdpital and temporal bones 

• Vlscerocranium 

o = fadal skeleton 
o Composed of 14 bones 

o Endoses orbite, nose, paranasal sinuses, mouth, and pharynx 
o Maxillae and mandible tbrm upper and lower jaw, respectiwely and house the teeth 

• Therearealsothreeauditoryossides 

o Malleus, incus, and stapes 
o Foundspanningtympaniccavity 
o First bones to be completely ossified during development 

Major sutures of the skull 

Most bones of the skull are bound by sutures, a type of fibrous joint that fuses with âge and becomes immobile. 

• Coronal suture séparâtes frontal and pariétal bones 

• Sagittal suture séparâtes two pariétal bones 

• Lambdoid suture séparâtes pariétal and temporal bones from ocdpital bones 

• Squamous suture séparâtes squamous part of temporal bone from pariétal bone 

• Sphenosquamous suture séparâtes squamous part of temporal bone from greaterwing ofthe sphenoid 

• Metopic suture between two frontal bones is largely obliterated with fusion of frontal bones 
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Temporal bone 
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[Plate 7, Skull: Latéral Radlograph] 


Internai Features of Base of Skull 


• Divided into anterior, middle, and posterior cranial fossae 

• Aiterior cranial fossa 

o Contains frontal lobe of brain 

o Formed byfrontal bone anteriorly ethmoid bone medially and lesser wing ofsphenoid posteriorly 
o Features 

■ Frontal crest-midline bonyextension of frontal bone 

■ Foramen cecum-fbramen at base of frontal aest 

■ Crista galli-Mdline ridge of bone fforn ethmoid posterior to foramen cecum 

■ Cribriform plate-Thin, sieve-like plate of bone on either side of crista galli, which transmits olfactorynenes from nasal cavity 
toolfactorybulbs 

• Mddle cranial fossa 

o Contains temporal lobe, hypothalamus, and pituitarygland 

o Formed by greater wing and body of sphenoid, petrous temporal bone, lesser wing sphenoid 
o Features 

■ Sella turcica-central dépréssion in bodyof sphenoid for pituitarygland 

■ Tuberculum sellae-Swelling anterior to sella turcica 

■ Dorsum sellae-creston bodyofsphenoid posteriorto sella turcica 

■ Aiteriordinoid processes-medial projections of lesserwings of sphenoid bones 

■ Posterior dinoid processes-swelling at either end of dorsum sellae 

■ Foramen lacerum (one on each side)-jagged opening dosed by plate of cartilage in life, transmits nothing 
o Contains tburfbramina in a crescenton eitherside in the bodyofthe sphenoid 

■ Superior orbital fissure 

■ Foramen rotundum 

■ Foramen ovale 

■ Foramen spinosum 

• Posterior cranial fossa: 

o Contains cerebellum, pons, and medulla oblongata 

» Composed largelyofoccipital bone, bodyofsphenoid, petrous, and mastoid parts oftemporal bone 
o Features 

■ Foramen magnum-transmits spinal cord 

■ Internai occipital crest-divides posterior fossa intotwo latéral cerebellar fossae 

■ Grooves for transverse and sigmoid durai venous sinuses 

■ Jugularforamen-transmits sigmoid sinus (internai jugular vein) and seusral cranial nenes 
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Internai acoustic meatus-anterior and superior to jugular foramen, transmits facial and vastibulocochlear nerves (CN VII and 
CN VIII) 

Hypoglossal canal-anterolateral and superior to foramen magnum, transmits hypoglossal ner\e (CN XII) 


Foramina of Skull 

Numerous holes appear in the cranial floor and theyare called foramina. Important structures, espedally cranial nerves arising from the brain, 
pass through the foramen to access the exterior. 
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Foramen/Opening 

Bone 

Structures Transmitted 

Optic canal 

Lesser wing sphenoid 

Optic nerve 

Ophthalmicartery 

Sympathetic plexus 

Superior orbital fissure 

Greaterand lesser wings sphenoid 

Lacrimal ner\e (Vi) 

Frontal ner\e (Vi) 

Trochlear ner\e (IV) 

Oculomotor nerve (III) 

Æbducent nerve (VI) 

Nasodliary nerve (V-|) 

Superior ophthalmicvein 

Inferior orbital fissure 

Between greater wing of sphenoid and zygomatic 

Infraorbital vein 

Infraorbital artery 

Infraorbital nerve 

Foramen spinosum 

Greater wing of sphenoid 

Mddle meningeal artery and vein 

Foramen rotundum 

Greater wing of sphenoid 

Maxillary division trigeminal nerve (V3) 

Foramen ovale 

Greater wing of sphenoid 

IVbndibular division trigeminal nervs 
Lesser petrosal nerve 

Foramen lacerum 

Between temporal bone (petrous area) and sphenoid bone 

Internai carotid artery 

Foramen magnum 

Occipital bone 

Msdulla oblongata 

Vfertebral artery 

Ivfeninges 

Spinal roots of accessory nervs 

Hypoglossal canal 

Occipital bone 

Hypoglossal nerve (XII) 

Jugular foramen 

Between temporal bone (petrous area) and occipital bone 

Glossopharyngeal nene (l)Q 

Vbgus nene (X) 
feessory nerve (XI) 

Inferior petrosal sinus 

Sigmoid sinus 
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| Posterior meningeal artery 


Mandible 






J 


• Unpaired bone of lower jaw 

• Largest and strongest bone in face 

• Aliculates with temporal bone at temporomandibular joint 

• Consists of 

■ Can be divided into lower base and upper alvsolar part 

■ Has a mental protubérance anteriorly and inferiorly where two sides corne together 

■ Mental spine: rough projection on inner surface of body in the midline 

■ Mental foramen below second premolartransmits terminal branch of inferioralveolar nervetosupplyskin and mucus 
membrane of lower lip and chin 

■ IVtylohyoid line: a ridge extending upward and backward on internai surface of alveolar part of mandible for attachaient 
mylohyoid muscle 

■ Submandibular fbssa: long dépréssion below mylohyoid line, which accommodâtes submandibular gland 

■ Sublingual fossa: concavities on either side of mental spine for sublingual gland 

■ Latéral vertical projections from body 

■ Each meets bodyinferiorlyatangleofthejaw 

■ Two processes at superior end: coronoid process and condylar process 

■ Coronoid process-attachmentoftemporalis muscle 

■ Condylar process-partof temporomandibular joint 

■ Mandibular notch-concavitybetween condylar and coronoid processes 

■ Mandibularforamen 

■ On inner surface of ramus 

■ Entrance to mandibular canal, through which passes the inferior alveolar nerve 

■ Lingula-thin projection of bone overlapping mandibular foramen 

■ mohyoid groo\e-groove leading anteriorlyand inferiorlylfom mandibularforamen indicating course of mylohyoid nerve and 


W425 












Temporomandibular Joint 



The mandible articulâtes with the temporal bone and in chewing or speaking, it is onlythe mandible or lower jaw that moues; the upper jawor 
maxilla remains stationary The teeth are contained in the alusolar portion of the mandible. 

• Aüculation between condylar process of mandible, artculartuberde of temporal bone, and mandibularfossa 

• IVbdified hinge-type synovial joint 

• Contains fibrocartilaginous dise, which dindes joint cavityinto two compartments 

o Gliding mousments (protrusion and retrusion/retraction) occur in upper compartment 
o Hinge mousments (dépréssion and élévation) occur in lower compartment 

• Stabilized bythree ligaments: 

o Latéral temporomandibular ligament 

■ Latéral thickened parts of articular capsule 

■ Prevent posterior dislocation of joint 
o Sphenomandibular ligament 

■ Primarypassi\e support 

■ Runs fforn spine of sphenoid to lingual of mandible 

■ Serres as swinging hinge and check ligament 
o Stytomandibular ligament 

■ Thickening in capsule ofparotid gland 

■ Runs fforn styloid process to angle of mandible 

• IVbrements 

o Depression-suprahyoid and infrahyoid muscles, gravity 
o Elevation-temporalis, masseter, and médial pterygoid muscles 
o Protrusion-lateral pterygoid, masseter, médial pterygoid 
o Retraction/retraction-temporalis, masseter 

o Side to side grinding-retractors of same side, protruders of opposite side 


Cervical vertebrae 

See: Back and Spinal Cord-Bones and Ligaments 
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FACTS & HINTS 

High-Yîeld Facts 

Anatomie Points 


• Anewborn's skull is large compared to other parts of the skeleton 

• Facial skeleton small compared to cateria 

• Two hâtes of mandible begin to fuse during first year 

• The mastoid process is not présent at birth but deuelops in the first 2 years of life 

• The anterior fontanelle: 

o Adiamond-shaped région covered bya fibrous membrane 
o Lies at juncture of both frontal with both pariétal bones 
o Ossifies by 18 months 

o Useful for assessing hydration and measuring heart rate and intracranial pressure 

• Enlargementof frontal and facial régions associated with increasing size of paranasal sinuses 

• Vfertical growlh of face because of dental development 

• Thinnest part of skull is pterion: 

o Where pariétal bone articulâtes with greater wing of sphenoid. 

o Fractures can cause intracranial bleeding as pterion o\eriies anterior division of middle meningeal artery and \ein. 


Clinical Points 

Skull (Calvaria) Fractures 

• Can occuras a resuit of direct traumato the head 

• Can be one of seueral types : 

o Depressed 

■ Produced by hard blows in régions where cateria is thin 

■ Fragment of bone forced inward into brain 

■ IVbst frequent 

■ Fracture Unes radiate away from point of impact 
o Comminuted - bone broken into several pièces 

o Contre-coup 

■ Maybenofractureatimpactsite 

■ Brain impacts opposite side of skull and rebounds to site of impact, with resulting bruising 

• May be associated with brain injury 

• \Mien assessing a patient with a head injury the Glasgow Coma Scale (GCS) is usefol.. 


• Le Fort Fractures 

• Common variants of fractures of the maxillae, naso-orbital complex, zygomatic bones (midface fractures) were dassified by Le Fort 
(surgeon and gynecologist) 

• Le Fort I : 

o Horizontal fracture of one or both maxillae atthe level of the nasal floor. 
o May présent with crepitus on palpation and épistaxis 
o Rarelycompromises airway. 

. Le Fort II: 

o Pyramidal-shaped fracture that indudes horizontal fracture of both maxillae, extending superiorly through maxillary sinuses, 
infraorbital foramina, and ethmoids to bridge of nose. 
o Séparâtes central face from rest of skill 
o Places the airway at risk 

• Le Fort III: 

o Indudes fractures of Le Fort II plus horizontal fracture through superior orbital tissures, ethmoid, and nasal bones, great wings of 
sphenoid bones and zygomatic bones. 
o Maxillae and zygomatic bones separate from skull 

o May cause airway problems, nasolacrimal apparatus obstruction, and cerebrospinal fluid (CSF) leakage 


Mnemonics 

Memory Aids 

Cranial/Orbital Bones: [Ocdpital; Pariétal; Frontal; Temporal; Ephnoid; Sphenoid 


Od People From Texas Eat Spiders 


Cranial Sutures: 

Sutures hâve CLASS 

C 

Coronal 


Lambdoid 

a 

And 

s 

Squamous 

S 

Sagittal. 


Memory Aids 
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3 Superficial Face 

STUDYAIMS 

At the end of your study, you should be able to: 

• Outline the main musdes of facial expression and their actions 

• Knowthe lasers of the scalp, its innervation and vascular supply 

• Understand the \ascular supply and lymphatic drainage of the face 

• Know the sensory and motor innervation of the face 

• Outline the main musdes of mastication and their actions 


17/425 



GUIDE 

Head and Neck: Superficial Face 





• Subcutaneous tissue of face 

o Contains muscles of facial expression 

o Contains varying amountof fat-for example, buccal fat pads of the cheek 
o Highlyvascular 

o Contains sensory branches of trigeminal (V) nene, upper cervical spinal nerxes and motor branches ofthe facial nerve (Vil) 
o Traversed byskin ligaments (retinacula cutis) 

■ Bands of connective tissue 

■ Connectskintobones 

• Muscles of facial expression 

The muscles of facial expression are in se\eral ways unique among the skeletal muscles ofthe body They ail originate embryologically 
from the second pharyngeal arch and are ail innervated by temninal branches ofthe facial nerve (cranial nerve [CN] Vil). Additionally, most 
arise from the bones ofthe face or fascia, and insert into the dermis ofthe skin overiying the scalp, face, and antérolatéral neck. 
o Lie within superficial fascia 
o Most arise from bone and insert into skin 
o Aranged as sphincters or dilators around orifices of face 

o Innervated byoneoffive main branches of facial nerve (occipitolis innervated byposteriorauricularbranch) 

• Muscles related to the orbit 

o Orbicularis oculi 

■ Composed ofthree parts: lacrimal, palpébral, orbital 

■ Lacrimal partdraws eyelids and lacrimal puncta mediallyto drain tears 

■ Inner palpébral part gently closes eyelids (blinking) 

■ Outer orbital part thattightly closes eyelids (squinting) 
o Corrugatorsupercilii 

■ Draws médial end of eyebrow médiallyand inferioriyfor a concemed look 
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■ Wrinkles skin offorehead 

o Frontalis portion of occipitofrontalis 

■ Elevâtes the eyebrows for a surprised look 

■ Wrinkles the forehead 

• Muscles related to the nose 

o Nasalis 

■ Consists of compressor naris-compresses nostril 

■ Aid dilator naris-flares nostrils 
o Procerus 

■ From forehead over bridge of nose 

■ Draws médial eyebrow inferiorly 

■ Créâtes transverse wrinkles over nose-frowning 

• Muscles related to the ear 

o Aiterior, superior, and posterior auricular 
o \âriablydeveloped 

• Muscles related to mouth and lips 

o Orbicularis oris 

■ Sphi ncter of the mouth 

■ Important for speech, holding food between the teeth, whistling, blowing 
o Levator labii superioris alaeque nasi 

■ Elevâtes nose and upper lip 
o Mentalis 

■ Wrinkles skin on chin 
o Bucdnator 

■ Involved in smiling 

■ Flolds food between teeth during chewing 

■ Used in whistling, sucking, and hom blowing 
o Depressoranguli oris 

■ Depresses angle of mouth 
o Levator anguli oris 

■ Elevâtes corner of mouth 
o Levator labii superioris 

■ Lifts and everts upper lip 
o Depressor labii inferioris 

■ Draws lip down and laterally 

■ Used to show impatience 
o Risorius 

■ Draws corner of mouth laterally 

■ Used in grinning 
o Zygomaticus major 

■ Draws angle of mouth up and laterally 

■ Used in smiling and laughing 
o Zygomaticus minor 

■ Raises upper lip as when showing contempt 
o Platysma 

■ Depresses mandible 

■ Draws corners of mouth down 

■ Used when grimacing 

Scalp 


• Extends from superior nuchal line to superior orbital ridge 

• Laterally extends to extemal acoustic meatus and zygomatic arch 

• Composed of five layers 

o First three are adhèrent to skull, move as one 
o Skin (1) 

■ Contains sweatand sebaceous glands and hair follicles 

■ Well vasculariæd 
o Connective Tissue (2) 

■ Well vasculariaed and innervated 

o Aponeurosis of occipitofrontalis muscle (3) 

■ Tendinous sheet 

■ Connects ocdpitalis, frontalis and superior auricular muscles 
o Loose connective tissue (4) 

■ Spongy 

■ Layerthat collects fluid from injury of infection 

■ IVbves freely with first three layers over pericranium 
o Periosteum of skull (5) 

■ Extemal periosteum of cal varia 

■ Fairiyfirmlyattached to bone 

■ IV/bsttightiybound at suture lines 

• Vbsculature of scalp 

o Scalp has rich blood supply so bleeding from a scalp injury is profose 
o Ateries anastomoses 
o Branches of external carotid arteryto scalp 
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■ Posterior auricular 

■ Occipital 

■ Superficial temporal 

o Branches of internai carotid arteryto scalp 

■ Supratrochlear artery 

■ Supraorbital artery 

o \fenous drainage of scalp via veins of same name accompanying arteries 
o Deep aspects of scalp drain to deep temporal veins to pterygoid venous plexus 
• Innervation of scalp 

o Aiteriortoauride: ophthalmic, maxillaryand mandibular divisions ofcranial nerve(CN)V(trigeminal) 
o Posterior to auride: cutaneous branches fforn C2 and C3 spinal nerves 


Vascular supply of the face 


o Facial artery 

■ Major arterial source for face 

■ Aises from external carotid artery crosses mandible and traverses face to médial angle of eye 

■ Branches to upper and lower lip and nose 
o Superficial temporal artery 

■ Terminal branchof external carotid 

■ Enters temporal tbssa and ends in scalp 
» Transverse fadal artery 

■ From superfidal temporal 

■ Crosses face below zygomatic arch 

o Supratrochlear vein 

■ Descends from fbrehead to nose 

■ Joins supraorbital to form angularvein 
o Supraorbital vein 

■ Begins in fbrehead and passes mediallyto join supratrochlear vein 

■ Sends branch through supraorbital notch to joint superior ophthalmic vein 

■ Two veins provide main venous drainage of face 

■ Follow course of fadal artery 

■ Drain directlyor indirectly into internai jugular vein 

■ Communistes with pterygoid venous plexus and cavemous sinus via superior ophthalmic vein 
o Superficial temporal vein 

■ Drains scalp and forehead 

■ Unités with maxillary vein to form retromandibular vein 
o Retromandibular vein 

■ Descends through parotid gland 

■ Sends branch to fadal vein 

■ Joins posterior auricular vein to form external jugular vein 


Lymphatic drainage of the face 

• Superficial lymphatics travel with veins 

• Deep lymphatics travel with arteries 

• Latéral face —> parotid lymph nodes 

• Upper lip and latéral lower lip —>submandibular lymph nodes 

• Chin and central part of lower lip —> submental lymph nodes 

• Al lymphatic drainage eventually reaches the deep cervical lymph nodes 

Innervation of the face 

• Cutaneous branches of the cervical nerves 

o From the cervical plexus 

o Innervete posterior neck, ear, and area over parotid gland 

• Trigeminal nerve (CN V) 

o Sensorytbr the face 
o Motor for musdes of mastication 
o Branches of ophthalmic nerve-CN Vj 

■ Nasodliarynerve —> external nasal nerve to skin on dorsum of nose 

■ Nasodliarynerve —> infratrochlear nerve to skin and lower eyelid 

■ Frontal nerve —> supratrochlear nerve to skin in midforehead 

■ Frontal nerve—> supraorbital nerve to skin of forehead and upper eyelid 
o Branches of maxillarynerve-CN V2 

■ Infraorbital nerve to skin of cheek, lower lid, latéral nose and mouth, upper lip 

■ Zygomaticotemporal nerve to skin over anterior temple 

■ Zygomaticofadal nerve to skin over zygomatic arch 
o Branches of mandibular nerve-CN V 3 

■ Ajriculotemporal nerve-to skin of external ear, posterior temple, anterior to ear 

■ Buccal nerve-to skin of cheek 
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■ Mental nerva-toskinofchin and lowerlip 

o Sole motor supplyto muscles of facial expression 
o Has tva main branches 

■ Temporal 

■ Zygomatc 

■ Mandibular 

■ Cervical 

o Names refer to areas they supply 


Other muscles associated with the face: Muscles of mastication 

The muscles of mastication indude four pairs of musdes (leftand rightside) thatattach to the mandible, are embryological derivatvas of thefirst 
pharyngeal arch, are ail innervated bythe mandibular division of the trigeminal nerva (CN V3), and are important in biting and chewing fbod. 


• Ail attach to mandible 

• Responsible for biting and chewing (movements at the temporomandibular joint [TMJ]) 

• Ail innervated by branches of the mandibular nerva (CN V3) 

• Ail supplied bybranches of the maxillaryartery 

• Group of four muscles 

o Temporalis 

■ Large, fan-shaped 

■ Covars most of the side of the head 

■ Inserts on coronoid process of mandible 
» Masseter 

■ Deep to parotid gland and crossed by parotid duct 

■ Inserts on entire latéral surface of ramus of mandible e>cept for condylar process 
o Latéral pterygoid 

■ Deep to temporal musde 

■ Runs horizontallybackwards from inffatemporal fbssaand latéral pterygoid plate to inserton mandible 

■ Covared with dense pterygoid plexus of vains 
o Médial pterygoid 

■ Covared byinferiorfibers of latéral pterygoid 

■ Runs from inner surface of latéral pterygoid plate inferiorly to inner surface of ramus of mandible 


Muscle Origin Insertion Main Actions Nerve Supply Blood Supply 


Temporalis 

Floorof temporal fbssa 
and deep temporal fascia 

Coronoid 
process and 
ramus of 
mandible 

Elevâtes mandible; posterior 
tbers retrude mandible 

Mandibular 
nerua (V 3 )-deep 
temporal nerves 

Supertcial temporal and 
maxillaryarteries, middle, 
anterior, and posterior 
deep temporal arteries 

Masseter 

Zygomatic arch 

Ramus of 
mandible 
and coronoid 
process 

Elevâtes and protrudes 
mandible; deep tbers retrude it 

Mandibular 
nerva (V3)- 
masseteric 

Transverses facial artery 
masseteric branch of 
maxillaryand facial 
arteries 

Médial 

pterygoid 

Superior head: 
inffatemporal surface of 
greater wing of sphenoid 
Inferiorhead: latéral 
pterygoid plate 

Neckof 
mandible, 
art cular dise, 
and capsule 
ofTMJ 

Art ng together, protrude 
mandible and depress chin; 
aedng alone and altemately, 
produces side-to-side 
movaments 

Mandibular 
nerva (V 3 j-nerva 
to médial 
pterygoid 

Facial and maxillary 
arteries 

Latéral 

pterygoid 

Inffatemporal surface of 
greater wing of sphenoid 
and latéral surface of 
latéral plate of pterygoid 

Pterygoid 

capsule of 
TMJ and 
art cular disk 

Together, protrude mandible, 
depress chin 

Alone and altemately side to 
side grinding 

Mandibular 
nerva (V 3 )- 
muscular 
branches from 
anterior division 

IVbxi 1 lary artery-m uscular 
branches 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 

Scalp lacérations 

• Scalp has rich blood supply 

• Bleeding from scalp lacérations often profuse, because blood enters peripheryof scalp and vessels anastomose 

• Because of dense connectius tissue in second layer of scalp, bleeding vessels do not retract into wound but stayopen 

• Patient can exsanguinate if bleeding is not controlled 

• Bleeding controlled initiallyby direct pressure initiallyfollowed bysuturing in lasers ratherthan tying individual vessels 


Clinical Points 

Blood or infections in the scalp 

• Blood or pus fforn an infection collecte in loose connecta tissue 

• Can spread easily 

• Prevented from passing into tbe neck or subtemporal régions, because of attachments of the epicranial aponeurosis 

• Fluid can descend into orbite because orbitalis muscle attaches to skin in this région 

• Orbital hematomas commonlyoccurfollowing injuryto the scalp 


Facial palsy (Bell's palsy) 

• Facial nerve palsy without a known cause 

• Can follow exposure to cold, dental work, Lyme disease, or otitis media 

• Résulte in inflammation, compression, or edema of the nerve 

• Facial nerve supplies muscles of facial expression 

• Thus resuit is loss of facial muscle tone on the affected side 

• Symptomsgenerallyseen: 

o Paralysis orbicularis oris causes drooping of mouth on affected side and dribbling of saliva 

o Paralysis of orbicularis oculi causes eyalid to droop and e\ert, leaving comea inadequately lubricated and eya constantlytearing 
o Paralysis of buccinatortogether with orbicularis oris leads to accumulation of fbod between cheekand teeth when chewing 


Clinical Points 


Table 100-2. Sites of lésions of the facial nerve and resulting symptoms 


Site of Lésion Symptoms 


Below stylomastoid 
foramen (parotid gland 
tumor, trauma 

1 ) Facial paralysis (mouth draws to opposite side; on affected side, patient unable to close eye or 
wrinkle fbrehead; food collecte between teeth and cheek as a resuit of paralysis of bucdnator muscle. 

Facial canal 

2) Al symptoms of (1), plus loss of taste in anterior tangue and decreased salivation on affected side 
as a resuit ofchorda tympani involvement. Hyperacusis as a resuit of effect on nerve branch to 
stapedius muscle. 

Geniculate ganglion 

3)Al symptoms of (1)and (2), plus pain behind ear. Herpes oftympanum and ofexternal auditory 
meatus mayoccur 

Intracranial and/or internai 
auditorymeatus 

4)AI symptoms of (1-3), plus deafness as a resuit of invelvementof eighth cranial nerve 


Mnemonics 

Memory Aids 


Layers of scalp: | SCALP 


Skin 


Connective Tissue 


Aponeurosis 


Loose connective tissue 


Periosteum of skull 


'To Zanzibar By Motor Car" 
Temporal 
^gomatic 

Mandibular 
I Cervical 

Memo ry Aids _ 


Memory Aids 

Branches Racial Nerve: 
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4 Neck 

STUDYAIMS 

fit the end of your study, you should be able to: 

• Outline the gross structure of the neck 

• Describe the anterior and posterior triangles of the neck: boundaries and contents 

• Knowthe smaller triangles ofthe neckwithin the posterior and anterior triangles: boundaries and content 

• Know the fascial laysrs of the neck 

• Know the contents of the compartments the fascial layers create 
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GUIDE 

Head and Neck: Neck 

Neck-General Description 




• Junction between head and thorax 

• Extends from base of skull superiorlyto thoracic inlet inferiorly 

• Supports head 

• Skeleton 

o Bones to which muscles of neck attach 
o Seven cervical vertebrae 
o Hyoid bone 

o Manubrium of the sternum 
o Claude 

• Contai ns 

o Blood \essels, nerres, and lymphatics trawarsing to and from the head and supplying musdes and viscera of the neck 
o Segments of digestive System: pharynxand esophagus 
o Segments of respiratorySystem: larynxand trachea 
o Endocrine glands: thyroid and parathyroid glands 


Triangles of the Neck 
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• Sternodeidomastoid (SCM) on each side of neck divides each side into two triangles: 

o Anterior 
o Posterior 

• Facilitâtes description of anatomyofthe neck 

• Posterior Triangle 

o Boundaries 

■ Posterior-anterior border of trapezius 

■ Anterior-posterior border of SCM 

■ Inferior-medial third davide 

■ Roof-investing laysr of deep cervical fascia 

■ Roor-musdes 
o Musdes ofthefloor 

■ Splenius capitis 

■ Levator scapulae 

■ Mddle scalene 

■ Posterior scalene 

■ External jugular vein 

■ Subdavian vein 

■ Third part of subdavian artery 

■ Transverse cervical artery (from thyrocervical trunk) 

■ Suprascapular artery (from thyrocervical trunk) 

■ Occipital artery (from external carotid) 
o Nerves in the triangle 

■ Accessory nerve (cranial nerve [CN] XI) 

■ \fentral rami (roots) of brachial plexus 

■ Cutaneous branches of cervical plexus 

■ Suprascapular nerve 

■ Phrenic nerve 

o Subdivàded byinferiorbellyofomohyoid 
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■ Occipital triangle 
Larger triangle superiorly 
Crossed byaccessorynerve 

■ Supradavicular triangle 
Smaller inferior triangle 

Contains extemal jugular vsin, suprascapular artery, and subdavian artery 
• Anterior Triangle 
o Boundaries 

■ Lateral-anterior border of SCM 

■ Anterior-anterior midline of neck 

■ Superior-inferiormandible 

o Divided into four smaller triangles for descriptive purposes 
o Submandibular triangle (1 ) 

■ Between inferior mandible and anterior and posterior bellies of the digastric muscle 

■ Contains submandibular gland 

■ Submandibular duct 

■ Submandibular lymph nodes 
o Submental triangle (2) 

■ Between bodyof hyoid bone and right and left anterior bellies of the digastric musdes 

■ Apexis mandibularsymphysis 

■ Contains submental lymph nodes 
o Carotid triangle (3) 

■ Bounded by anterior bellyof omohyoid, posterior bellyof digastric, and anterior border of SCM 

■ Contains carotid sheath, with common carotid artery internai jugular vein, and vagus nerve 

■ Bifurcation of common carotid to internai and extemal carotid arteries 

■ Carotid sinus 

■ Carotid body 
o Muscular triangle (4) 

■ Bounded by anterior border of SCIVl superior bellyof omohyoid, midline of neck 

■ Contains infrahyoid musdes, thyroid, parathyroid 



[Plate 33, Carotid Arteries] 
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Fascial Layers of Neck 

• Superficial fasda 

o Between dermis and investing layer ofdeep fascia 
o Contai ns 

■ Cutaneous nerves and vessels 

■ Lymphatics 

■ Fat 

■ Platysma musde anteriorly 

• Deep fasda 

° Consists ofthree layers 

■ Investing 

■ Pretracheal 

■ Prevertebral 

o Also indudes carotid sheath: condensation of deep fasda around carotid vessels 

• Investing layerofdeep fasda 

o Surrounds entire neck, beneath superficial fasda 
o Inferiorattachments 

■ Manubrium 

■ Superior border davàde 

■ Acromion 

■ Spinescapula 
o Superior attachments 

■ Superior nuchal line 

■ Zygomatic arches 

■ Angle mandible 

■ Mastoid process 

■ Spinous processes of cervical vertebrae 

o Splits to endose stemodeidomastoid and trapezius musdes 
o Endoses parotid and submandibular glands 
o Forms roof of anterior and posterior triangles neck 

• Pretracheal fasda 

o Only in anterior neck, fforn hyeid bone to fibrous pericardium 
o Invests infrahyoid musdes 
o Viscéral layer invests 

■ Trachea 

■ Thyroid and parathyroid glands 

■ Esophagus 

o Attaches inferiorlyto adventitia ofgreat vessels 
o Attaches superiorly 

■ Thyroid cartilage 

■ Buccopharyngeal fascia of pharynx 
o Blends laterally with carotid sheath 

• Prevertebral fasda 

o Sheath for Cl -T3 vertebrae and assodated muscles 

■ Longus colli and capitis 

■ Anterior, middle, and posterior scalenes 

■ Deep cervical musdes 

o Described as having two laminae: anterior and posterior 
o Superior attachment of both laminae to base of skull 
o Inferior attachment 

■ Anterior lamina to anterior longitudinal ligament and posterior esophagus anteriorly 

■ Posterior lamina to fesda over thoradc vertébral column posteriorly 
o Extends laterallyas axillarysheath around axillaryarteryand brachial plexus 


Carotid sheath 

• Condensation offesda around great vessels of the neck 

• Extendsfrom baseofskulltorootofneck 

• United medially with prevertebral fesda 

• Contai ns 

o Common carotid artery 
o Internai carotid artery 
o Internai jugularvein 
o \fegus nerve (CN X) 
o Deep cervical lymph nodes 
o Sympatheticfibers 

• Communicates inferiorly with mediastinum 

Facial spaces 

• Retropharyngeal space 

o Largestand most significant space in neck 

o Potential space between prevertebral layerofdeep fascia and buccopharyngeal fasda 
o From base of skull to posterior mediastinum 
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o Permits mowsment of pharynx, larynx trachea, and esophagus during swallowing 

o Infection originating in pharyngeal area can spread to retropharyngeal space and inferiorlyinto superior mediastinum 

• Pretracheal space 

o Space between investing fascia and pretracheal fasda 
o Limited byattachments of fascia to thyroid cartilages superiorly 
o Can spread into thoraxanterior to pericardium 

• Space between laminae of pre\«rtebral fascia 

o Critical space 

o Extends from base of skull and through thorax 
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FACTS & HINTS 

High-Yîeld Facts 

Anatomie Points 

• Spinal accessory nerve has a subeutaneous course in posterior triangle and can be damaged during surgery Injury causes weakness of 
stemodeidomastoid and trapezius musdes. 

• The phrenic nerve arises from cervical nerve roots to supplythe diaphragm. Irritation of the diaphragm, e.g., because of infection, can 
cause referred pain to the C3, C4, C5 dermatome (shoulder). 


Clinical Points 
Torticollis 

• In adults, spasm ofthe SCMcan cause pain and tuming and tilting of the head (torticollis) 

• Congénital torticollis can occur in infants due to a fibrous tissue tumor in the SCMthatdevelops in utero 

• Head bends to affected side and face turns away 

• Facial asymmetrycan occur, because of growth retardation on affected side 


Clinical Points 

Thoracic outlet syndrome 

• Caused by compression ofthe subdavian artery, \ein, and roots ofthe brachial as theyemerge fforn the root ofthe neck. 

• Patient may complain of pain, paresthesia in the arm as a resuit of nerve compression; pallor, coldness, and pain in the arm as a resuit of 
arterial compression, orswelling in the arm as a resuit of decreased venous and lymphatic drainage. 

• Common cause is the presence of a C7 cervical rib 


Mnemonics 

Memory Aids 

Cervical spinal nerve roots which innervate diaphragm (C3, C4, C5): 

C3,4,5 keeps the diaphragm alive 
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5 Nasal Région 

STUDYAIMS 

At the end of your study, you should be able to: 

• Outline the structures that fbmn the nasal région 

• Describe the gross structure of the externat nose 

• Describe the nasal septum 

• Define the boundaries of the nasal cavity 

• Describe the structure of the nasal cavity induding its blood supply wsnous and lymphatic drainage, and innervation 

• Describe the origin of the paranasal sinuses and their relationship to the nasal cavity 
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GUIDE 

Head and Neck: Nasal Région 

Nasal région 

• External nose 

• Nasal cavities 

o Divided by nasal septum 
o Filter, humidifyand warm air 
o Containspecialisedolfactorymucosa 

o Receive seaetons from paranasal sinuses and nasolacrimal duct 

• Indudes related paranasal sinuses 


External Nose 


The nose is composed primarilyof cartilages except atthe "bridge" of the nose where the nasal bone résides. Aiteriorly, the airenters or lea\es the 
nose via the nares, which open into the nasal vestibule, whereas posteriorlythe nasal cavity communicates with the nasopharynxvia paired 
apertures called the choanae. 

• Composed of bone and hyaline cartilage Bones 

» Paired nasal bones 
o Frontal processes ofmaxilla 
o Nasal part frontal bone 

• Cartilages 

o Paired latéral cartilages 
o Paired alar cartilages 
o Septal cartilage 

• Associated muscles dilate and flatten nares (nostrils) 

o Nasalis 

o Compressor nares 
o Dilator nares 

• Innervation ophthalmicand maxillarydivisions of trigeminal nene (cranial nerve [CN] Vj and V2) 

• Blood supply 

o Ophthalmicartery 
o Facial artery 

• Vfenous drainage 

o Facial \eins —>internaijugular\eins 
o Ophthalmicveins —>cavemous sinus 


Nasal septum 

The nasal cavityis separated from the cranial cavity by portions of the frontal, ethmoid, and sphenoid bones, and from the oral cavityinferiorly bythe 
hard palate. Anasal septum, usuallydeviated slightlyto one side or the other, divides the nasal cavityinto rightand left chambers. The anteriorthird 
of the nasal septum is cartilaginous and the posteriortwo thirds is bony 

• Divides nasal cavity into two chambers 

• Composed of 

o Bone 

■ Vbmer 

■ Perpendicular plate of ethmoid 
o Septal cartilage 

• Septal cartilage articulated with edges of bony septum 

Nasal Cavity 


The latéral wall of the nasal cavityis characterized bythree shell-like conchae, or turbinâtes, that protrude into the cavity, and along with their 
co\ering of nasal respiratory epithelium, theygreatlyincrease the surface area for warming, humidifying, and filtering the air. fit the mostsuperior 
aspect of the nasal cavity résides the olfactory région, with its olfactory epithelium and specialized sensory cells for the détection of smells. 

• Each cavity narrow abo\« and wider below, separated from each other by nasal septum 

• Extend from nares to choanae 

o Naris = external opening of nose 
o Choana = opening into pharynx 

• Vfestibule 

o First part ofca\ity 
o Lined with skin with hairs 
o Bounded laterallybyalarcartilages 

■ Crescenticline 

■ Marks upperlimitof vestibule 

• Nasal mucosa 

o Lines nasal cavities except for vestibule 

o Bound to periosteum and perichondrium of surrounding bones and cartilages 
o Extends into ali chambers, cavities and sinuses communicating with nasal cavities 
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o Upperone third is olfactory areas (mucosa) 
o Lower two thirds is res pi ratory areas (mucosa) 

• Boundaries (walls) of nasal cavity 

• Nasal conchae 

o Three horizontal projections from latéral wall 
o Superior, middle and inferior nasal conchae 
o Dividenasalcavityintofourareas 

■ Superior meatus 

■ Mddle meatus 

■ Inferior meatus 

■ Sphenoethmoid recess 

• Superior meatus 

o Between superior and middle conchae 
o Has openings from posterior ethmoidal sinuses 

• Mddle meatus 

o Wlder and longer than superior 
o Depressed area-atrium-at anterior end 
o Ethmoid infundibulum at anterior end 

■ Leads to frontonasal duct 

■ Duct leads to frontal sinus 
o Ethmoidal bulla (swelling) 

■ Rounded projection at inferior root of middle meatus 

■ Représenta bulge of ethmoid air cells (sinuses) 

■ Groove called semilunar hiatus immediatelybeneath leads to infundibulum 
o Contains openings for frontal, maxillary and anterior ethmoidal sinuses 

■ Frontal sinus opening at anterior end of semilunar hiatus/infundibulum 

■ Maxillarysinus opening at posterior end of semilunar hiatus 

■ Vbriable openings for ethmoid air cells 

• Inferior meatus 

o Below inferior concha 

o Receiues nasolacrimal duct opens into anterior end 

• Sphenoethmoidal recess: 

o Posterior and superior to superior concha 
o Receiues opening of sphenoidal sinus 

• Innervation 

o Posterior région of nasal cavity 

■ Nasal septum: maxillary nerus (CN V 2 ) —> nasopalatine nerve to nasal septum 

■ Latéral wall: latéral branches of latéral palatine ner\« 

o Anterior and superior régions of nasal cavity anterior and posterior ethmoidal neruss, branches of nasociliaryner\«from ophthalmic 
nerve(CNVi) 

o Olfactoryepithelium inneruated by olfactory nerve (CN I) 

• Aterial supply 

o Sphenopalatine artery(branch of maxillary artery) 
o Aiterior and posterior ethmoidal arteries 
o Greater palatine artery 

o Superior labial and latéral nasal branches of facial artery 

• Vfenous drainage 

o Plexus of veins beneath nasal mucosa drains to 

■ Sphenopalatine veins 
. Facial veins 

■ Qnhthalmic veins 

• Lymphatic drainage 

o Posterior nasal cavityto retropharyngeal nodes 
o Aiterior nasal cavityto submandibular nodes 


Paranasal sinuses 


Sinus Description 


Frontal 

Paired sinuses, lying anteriorlyin frontal bone and draining into semilunar hiatus of middle meatus 

Ethmoid 

Paired anterior, middle, and posterior sinuses in ethmoid bone; anterior and middle draining into middle meatus 
(hiatus semilunaris and ethmoid bulla, respectively), and posterior, into superior nasal meatus 

Sphenoidal 

Paired sinuses, in sphenoid bone, draining into sphenoethmoidal recess 

Maxillary 

Paired sinuses, in maxilla, draining into middle meatus (semilunar hiatus); largest sinus (20-30 ml) 


There are four pairs of paranasal sinuses, which are open chambers within several of the bones surrounding the nose and orbits. Theyare lined 
with respiratory epithelium, assist in warming and humidifying the inspired air, and drain their mucus sécrétions into the nasal cavities. Blowing the 
nose dears the nasal cavity and sinuses of e>cess sécrétions. 

• Extensions of nasal cavityinto maxillary ethmoid, frontal, and sphenoid bones 

• Lined with respiratoryepithelium 

• Présent at birth and increase in size until adulthood 

• Arfilled 

• Frontal sinuses (2) 

o Between inner and outer tables of frontal bone 
o Can be detected around âge 7 

• Maxillarysinuses (2) 
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o Largest of paranasal sinuses 
o Occupymostof bodyof maxillae 

• Ethmoidal sinuses 

o Sewsral in number 
o Not well deueloped until afler âge 2 

• Sphenoidal sinuses 

o Dérivé from extensions of ethmoidal sinuses into sphenoid bone around 2 years of âge 
o Numbers different on either side 
o Bony septum between two sides 

o Onlya thin plate of bone séparâtes them fforn critical structures in the anteriorand middle cranial fossae: optic nerves, pituitary 
gland, internai carotid arteries, ca\ernous sinuses 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


Nasal Obstruction 

• Can occur eittier acutely or be longer in duration-chronic 

• Causes indude: large adenoids (in children), tumors, a deviated septum, orforeign bodies. 

• Patient may complain of snoring, abnormal speech, or breathing difficulties when eating 


Clinical Points 


^sistaxis 

• Nosebleed 

• Common because of rich vascular supplyto nose 

• In younger people occurs in the Little's area-where convergence of anterior ethmoidal artery, septal branches of sphenopalatine and 
superior labial arteries and greater palatine artery 

• In older people can be related to hypertension 

• Treatment involuas identifying the source of bleeding and stopping the bleeding by direct pressure, packing the nose or cautery 

Clinical Points 
Sinusitis 

• Paranasal sinuses may become infected via continuitywith nasal cavities 

• Inflammation and swelling of mucosa lining sinus 

• Can be acute or chronic 

• Bacterial infection usuallyfollows a viral infection 

• Patient may complain of pain, nasal discharge, blocked nose, postnasal drip, and fever 

• Axite sinusitis is usuallyself-limiting 

• Chronic may require antibiotics and if récurrent sinus surgery 

Mnemonics 

Memory Aids 

Nasal Cavity:To help rememberthe parts ofthe nasal cavity 
Ne ver Call Me Needle Nose 
Nares (external) 

Conchae 
Meatuses 
Nares (internai) 

Nasopharynx 
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6 Oral Région 

STUDYAIMS 

At the end of your study, you should be able to: 

• Understand the régions and boundaries of the oral cavity 

• Knowthe major anatomie features ofthe lips, cheeks, and gingivae 

• Describethe extemal features ofthe tongue 

• Outline the intrinsic and extrinsic muscles ofthe tongue and their movaments 

• Describe the hard and soft palate and their anatomie features 

• Describe the anatomy ofthe oral cavity related to the soft palate 

• Know the muscles ofthe soft palate, their movements, and their innervation 

• Outline the vascular supply and innerwation ofthe palate 

• Describe the parotid, submandibular, and sublingual salivary glands, induding their vascular supply and inneruation 
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GUIDE 

Head and Neck: Oral Région 

Oral Cavity 


• Divided into two régions 

» Oral westibule 

■ Narrow space between teeth and gingival and lips and cheeks 

■ Size controlled byorbicularis oris, buccinator, risorius, and muscles controlling lips 

■ Contains frenula (singular: frenulum)-midline mucosal folds from upper and lower lips to the gums 
o Oral cavity proper 

■ Boundaries 

■ Aiterioriy lips 

■ Posteriorly: oropharyngeal isthmus to oropharynx 

■ Roof: hard palate anteriorlyand soft palate posteriorly 

■ Floor: mucosa beneath the tongue 

■ Space occupied bytongue 

• Aiatomical features of the lips 

o Contai n 

■ Orbicularis oris muscle, and libers of levator labii superioris, depressor anguli oris, zygomaticus major and risorius muscles 

■ Superior and inferior labial arteries and \eins 

a. From infraorbital and facial vessels superioriy 

b. From facial and mental vessels inferiorly 

■ Branches of infraorbital nerves (cranial nerve [CN] V2) superioriy 

■ Branches of mental nenes (CN V3) inferiorly 
o Vfermilion border: transition zone (border) of lip 

o Nasolabial groo\es from nosetojust latéral of angle of mouth separated lips from cheek 
o Philtrum: dépréssion from nasal septum to \ermilion border of upper lip 
o Labiomental groove séparâtes lower lip from chin 

o Labial frenula: midline mucosal folds with a free edge that extend from upper and lower lips to the gums 

• Aiatomical features of the cheeks 

o Latéral wallsof oral cavity 
o Form zygomatic prominences over zygomatic bones 
o Principal muscle is buccinator 
o Buccal fat pad extemal to buccinator 
o Supplied bybuccal branches of maxillaryartery 
o Innenated by buccal branches of mandibular nervs (CN V3) 

• Gingivae 

o Composed of fibrous tissue covered by mucous membrane 
o Firmlyattached to alusolar processes of mandible and maxilla and necks of teeth 


Tongue 
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[Plate 58, Tongue] 


• Highly mobile organ composed largelyof muscle 

• Main functions 

o Pressing food into the pharynxduring swallowing 
o Assisting in the formation of words during speech 

• External fèafores of the tongue anterior to sulcus terminalis 

o Root 

■ Posterior one third 

■ Attached to hyoid bone and mandible 
o Body: anterior two thirds 

o Apex or tip: pointed or rounded anterior end 
o Dorsumof tongue 

■ V-shaped groowa: sulcus terminalis 

a. Dindes tongue into oral and pharyngeal parts 

b. Apexpoints to foramen cecum 

■ Foramen cecum 

a. Smallpit 

b. Remnantofembryonicthyroglossal duct 

■ Numerous papillae of different types 
o Lingual papillae 

■ Vallate 

a. Anterior to sulcus terminalis 

b. Large and fl at-topped 

c. Hâve taste buds 

a. Small folds on latéral side of tongue 

b. Haua taste buds 

■ Filiform 

a. Numerous and mainly arranged in rows parallel to sulcus terminalis 

b. Sensitive totouch 
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■ Fungiform 

a. Mushroom-shaped 

b. Found on tip and sidesoftangue 

c. Hâve taste buds 

• External featares of the tangue posterior ta sulcus terminalis 

o Posterior ta palatoglossal arches 

o Roughened surface due ta underlying lymphaticfollides = lingual tonsil 

• External featares of inferior tangue 

o Lingual frenulum 

■ Mdline fold of mucosa from gingivae ta posteroinferior surface of tangue 

■ Connecte tangue ta floor of mouth 
o Sublingual carunde 

■ Papilla on eithersideof frenulum 

■ Qsening ofdudofsubmandibulargland 

• Musdes 

o Both intrinsicand extrinsic musdes are paired 
o Ail musdes actcoordinately 

» Fibrous septum séparâtes musdes of each half oftongue 
o Extrinsic muscles 

■ Alter position oftongue 

■ Genioglossus 

a. IVbstofbulk oftongue 

b. Contributes ta protrusion oftongue 

c. Moues tangue from side ta side 

■ Hyoglossus 

a. Depresses tangue 

b. Aids in retraction 

■ Styloglossus 

a. Mngleswithfibersofhyoglossus 

b. Créâtes central trough orfurrow with genioglossus during swallowing 

c. Rétracte tangue and curis side 

■ Palatoglossus 

a. Largelya soft palate muscle 

b. Elevâtes posterior tangue 

o Intrinsic 

■ Altershape oftongue 

■ Superior longitudinal: curis tip oftongue superiorly 

■ Inferior longitudinal 

a. Curis tip oftongue inferiorly 

b. Acte with superior longitudinal musde ta shorten and thicken tangue 

■ Transverse: narrows tangue and increases height 

■ Vfertical: flattons and broadens tangue 

• Vbsculature 

• Arterial supply 

o Principallyfrom lingual artery branch of external carotid 

■ Dorsal lingual artery 

■ Deep lingual artery 

■ Sublingual artery 

o Mnor contributions from tonsillar and ascending pharyngeal arteries 

• Vënous drainage 

o Accompanies arterial supply 
o Dorsal lingual veins 
o Deep lingual veins Goin sublingual veins) 
o Ali drain, either directlyor indirecüy ta internai jugularvein 

• Lymphatic drainage takes one of four routes 

o Tip (apex) ta submental nodes 
o Anterior médial two thirds ta inferior deep cervical nodes 
o Anterior latéral two thirds ta submandibular nodes 
o Posterior one third ta superior deep cervical nodes 

• Innervation: 

o Ali musdes oftongue except palatoglossus supplied byhypoglossal nerve (CN XII) 
o Palatoglossus supplied by pharyngeal plexus (CN IX via CN X) 
o Sensoryto anterior two thirds oftongue 

■ General sensory lingual nerve (CN V3) 

■ Spécial sensory (taste): corda tympani (CN VII) 

o General and spécial sensoryto posterior one third oftongue: glossopharyngeal nerve (CN IX) 
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Muscle 

Origin 

Insertion 

Innervation 

Blood Supply 

Main Actions 

Genioglossus 

Mental s pi ne of 
mandible 

Dorsum of 
tangue and 
hyoid bone 

Hypoglossal 

Sublingual and submental arteries 

Depresses and 
protrudes tangue 

Hyoglossus 

Bodyand greater 
hom of hyoid 

Latéral and 
inferior aspect 
of tangue 

Hypoglossal 

Sublingual and submental arteries 

retracts tangue 

Styloglossus 

Styloid process 
and stylohyoid 
ligament 

Latéral and 
inferior aspect 
of tangue 

Hypoglossal 

Sublingual artery 

Retracts tangue and 
draws it up for 
swallowing 

Palatoglossus 

Palatine 
aponeurosis of 
soft palate 

Latéral aspect 
of tangue 

\£gus nerve 
and pharyngeal 

Æscending pharyngeal arteries and 
Palatine branches of facial and 
maxillary arteries 

Elevâtes posterior 


• Forms roof of mouth and floor of nasal cavities 

• Consists of two parts 

o Hard palate anteriorly 

■ Formed from by palatine processes of maxillae and horizontal plates of palatine bones 

■ Co\ered with periosteum and oral mucosa (inferiorly) and respiratory mucosa superiorly 

■ Fias five fbramina 

a. Incisive fossa behind central indsors transmits nasopalatine nerves via indsive canals 

b. Paired greater palatine foramina médial to third molar transmits greater palatine vsssels and nerves 

c. Paired lesser palatine foramina posterior to greater palatine foramina transmits lesser palatine nerves. 

■ Mucous secreting palatine glands beneath mucosa 

■ Indsivepapilladirectlyposteriortomaxillaryindsors 

■ Palatine raphe 

a. Mdline ridge/groove 
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b. Représente line of fusion of embryonic palatal plates 
o Soft palate posteriorly 

■ IVbveable posterior third suspended ffom hard palate 

■ Nobonyskeleton 

■ Mâches to hard palate via aponeurotic palate 

a. Expanded tendineus aponeurosis of tensor vali palatini muscles 

b. Thickanteriorly 

■ Muscular palate (tensorvali palatini) posteriorly 

■ Posterior curvad ffee margin has conical projection: uvula 

• Miatomical features related to the soft palate 

■ Join soft palate totongue and pharynx 

■ Palatoglossal arch 

a. Mucosalfold 

b. Contains palatoglossus muscle 

■ Palatopharyngeal arch 

a. Mucosalfold 

b. Posterior to palatoglossal arch 

c. Contains palatoglossus muscle 

■ Form anterior and posterior boundaries of tonsillar fossa on either side 
o Tonsillar fbssae 

■ Contain palatine tonsils 

■ Masses of lymphoid tissue between arches 
o Fauces 

■ Temn for passage from oral cavtyto oropharynx 

■ Bounded by 

a. Soft palate superiorly 

b. Rootoftongue inferiorly 

c. Palatoglossal and palatopharyngeal arches laterally 

• Muscles of soft palate 

o Four paired muscles descend from base of brain to palate 

■ Levator veli palatine elevates soft palate during swallowing, opens auditorytube 

■ Tensor veli palatini tenses soft palate during swallowing 

■ Palatoglossus elevates posterior tangue 

■ Palatopharyngeus tenses soft palate and pulls pharynxsuperiorly and anteriorly during swallowing 
o Unpaired musculus uvulae shortens uvula 

• Swallowing and the palate 

o Complexmechanism 

o Soft palate tenses to allow tangue to press against it 
o Tongue squeezes bolus of food to back of oral cavity 

o Soft palate elevates superiorly and posteriorly to prevent backflush of food into nasal cavity 

• Alerial supply 

o Branches of descending palatine arteryon each side 

■ Greater palatine artery 

■ Lesser palatine artery 

o Mcending palatine arteryffom facial artery 

• \fenous drainage via pterygoid vanous plex 

• Lymphatic drainage: deep cervical nodes 

• Innervation 

o Sensoryffom pterygopalatine ganglion (from CN V2) 

■ Greater palatine nerve to hard palate 

■ Nasopalatine nerve to anterior hard palate 

■ Lesser palatine nerve to soft palate 
o Motor 

■ Tensor veli palatini innervated by médial pterygoid nerve from otic ganglion (CN V3) 

■ M other muscles bycranial root of spinal accessory nerve (CN XI) via pharyngeal plexus 


Muscle Origin Insertion Innervation Blood supply Main actions 


Levetorveli 

palatini 

Temporal (petrous 
portion) bone 

Palatine 

aponeurosis 

nerve via 

pharyngeal 

plexus 

Mcending palatine artery 
branch of facial artery and 
descending palatine artery 
branch of maxillary artery 

Elevates soft palate during 
swallowing 

Tensor veli 
palatini 

Scaphoid fossa of 
médial pterygoid plate, 
spine of sphenoid, and 
auditorytube 

Palatine 

aponeurosis 

Mandibular 

Mcending palatine artery 
branch of facial artery and 
descending palatine artery 
branch of maxillary artery 

Tenses soft palate and 
opens auditorytube during 
swallowing and yawning 

Palatopharyngeus 

Hard palate and superior 
palatine aponeurosis 

pharyngeal 

wall 

nerve via 

pharyngeal 

plexus 

Mcending palatine artery 
branch of facial artery and 
descending palatine artery 
branch of maxillary artery 

Tenses soft palate; pulls 
walls of pharyixsuperiorly 
anteriorly and medially 
during swallowing 

Musculus uvulae 

Nasal spine and palatine 
aponeurosis 

Mucosa of 

nerve via 

pharyngeal 

plexus 

Mcending palatine artery 
branch of facial artery and 
descending palatine artery 
branch of maxillary artery 

Shortens, elevates, and 
rétracte uvula 


Salivary Glands 
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Temporalis muscle 
Superfid.il temporal artery and 
and auriculotemporal nerve 

Branches of facial nerve 
Transverse facial artery 
Accessory parotid gland 
Parotid 
Buccinator muscle 
Masseter 
Lingual 

Submandibular ganglion 

Frenulum of longue 


Sublingual artery and 

Mylohyoid muscle 
Digastric muscle (anterior belly) 


Submandibular 
Facial artery and 


arotid gland 

vein (anterior and 
posterior divisions) 


ommon trunk receiving facial, 
anterior branch of retromandibular, 
and lingual veins (common facial vein) 

jugular vein 
carotid artery 


[Plate 61, Salivary Glands] 


» Moisten and lubricate food 
o Begin digestion of starches 
o Contributeto 

■ Æilityto taste 

■ Prévention of tooth decay 
• Parotid gland: 

o Largest salivary gland 
o Thinwaterysécrétion 
o Found within investing cervical fascia 

o Occupies space between ramus of mandibleand anterior border ofstemodeidomastoid (SCM) muscle 

■ Overlaps posterior masseter muscle 

■ Deep partextends posteriorlyto mastoid process and external auditorymeatus 
o Parotid duct 

■ Emerges at anterior border of gland 

■ Runs o\er masseter 

■ Pierces buccinator to enter mouth opposite upper second molar 
» Structures passing through the gland 

a. Enters gland and branches into two stems 

b. Two stems give rise to five branches that emerge fforn borders of gland 

■ Superlicial temporal \ein 

a. Runs through deeper part of gland 

b. Unités with maxillary vein within the gland to Ibrm retromandibular vein 

■ Extemal carotid arterythrough deep part of gland 
o Alerial supply 

■ Extemal carotid artery 

■ Superficial temporal arteries 

» Vfenous drainage: retromandibular vein 
o Innervation 

■ Great auricular nerve (C2 and C3 spinal nerves) 

■ Atriculotemporal nerve (CN V3) 

■ Parasympathetic fibers fforn glossopharyngeal nerve (CN IX) via auriculotemporal fforn otic ganglion 
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■ Sympathetic fibers from external carotid plexus from cervical ganglia 

• Submandibular gland 

o Lies superior and inferior to posterior halfof mandible 
o Divided into superficial and deep paris bymylohyoid muscle 
o Duct 

■ Opens at sublingual papilla, one on either side of lingual frenulum 

■ Lingual nerve loops under duct 
o Alerial supply submental artery 

o lnner\ation 

■ Secretomotor parasympathetic fibers 

a. Presynapticfibers from facial nerve via chorda tympani to submandibular ganglion 

b. Postsynaptic fibers from cells in submandibular ganglion 

■ Vbsoconstricti\e sympathetic fibers from superior cervical ganglion 

• Sublingual glands 

o Smallestanddeepestofglands 

o Lie in floor of mouth within sublingual folds, between mandible and genioglossus muscle 
o Numerous duels open along sublingual folds 
o Alerial supply 

■ Sublingual arteryfrom lingual artery 

■ Submental arteryfrom facial artery 

o Innervation same as that for submandibular gland 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 

Parotid Tumors 

• IVbst common sali\«ry gland tumor, but still rare 

• Mare common in people olderthan 40 years otage 

• Patient usually présents with a slow growing lump 

• If painful or affecting the facial nerve suggests the tumor is malignant 

• Treatment is bysurgical excision conserving tbe facial nervs and its branches 


Clinical Points 

Sialoadenitis 

• Inflammation of the salivarygland 

• Can be caused byinfection or obstruction of the ductof a gland 

• Mast commonly a resuit of bacterial infection (Staphytococcus aureus) 

• Patient may présent with pain, swelling, and feuer 

• Submandibular gland most commonly affected 

• Treatment with antibiotics and/or increasing sécrétions with drugs 

• Relief of the obstruction may require surgery 


Clinical Points 

Sialolithiasis 

• Obstruction of the duct of a saliva rygland with a calculus (stone) 

• Commonly occurs in submandibular gland 

• Patient présents with pain when eating and swelling 

• Ninety percent ofstones are radio-opaque-diagnosis can be madeon radiograph 

• Ultrasound or computed tomography (CT) can also be useful 

• Treatment is by removing the stone, increasing sécrétions with drugs or surgical removal 

Mnemonics 

Memo ry Aids _ 


Three Tonsils 

People (or for short PPL) hâve three tonsils: 

PPL 


Pharyngeal 


Palatine 


Lingual. 
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7 Pharynx 

STUDYAIMS 

At the end of your study, you should be able to: 

• Knowthe general anatomyoftbe pharynx 

• Descri be the anatomy of the nasopharynx 

• Describe the anatomy of the oropharynx 

• Describe the anatomy of the laryngopharynx 

• Know the muscles of the pharynx 

• Know the vascularsupply and lymphatic drainage of the pharynx 

• Understand the innenationof the pharynx 

• Outlinetheprocessofswallowing 
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GUIDE 

Head and Neck-Pharynx 

Pharynx 



phaiyngMl 
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The pharynxis a musculartube, which is déficient anteriorly as a resuit of the openings nasal and oral cavities and larynx-as reuealed when the 
posteriorwall is removed. 

• Musculartube 

• Posterior to nasal and oral cavities 

• Continuous with both esophagus and larynx 

• Aiteriorto superior sixcervical vertebrae and prevertebral muscles and fascia 

• Retropharyngeal space = potential space between pharynxand prevertebral fascia 

• Divided into three parts: Nasopharynx, Oropharynx, and Laryngopharynx 

• Nasopharynx 

o Posterior tonose and abo\e soft palate 
o Lined with ciliated epithelia 
o Boundaries 

■ Anterioriy continuous with nasal cavities via choanae 

■ Roof and posteriorwall: bodyof sphenoid and base of occipital bone 

■ Laterally superior constrictor muscle 

o Contains openings of auditory (Eustachian) tubes (fforn middle ear) 

° Salpingopharyngeal fold 

■ Extends inferioriyffom médial end of auditory tube 

■ Co\ers salpingopharyngeus musde-opens tube during swallowing 
o Ridgeo\eropening = torustubarius 

o Pharyngeal recess 

■ Slit-like projection 

■ Posterior totorus 

o Contains abundant lymphoid tissue 

■ Incomplète ring in superior part of pharynx 

■ Aggregates in certain areas = tonsils 

■ Lymphoid tissue in mucus membrane of roof and posteriorwall = adenoids 

■ Lymphoid tissue near opening of auditory tube = tubal tonsil 

• Oropharynx 

o From soft palate to superior ends of epiglottis 
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o Boundaries 

■ Anterioriy oropharyngeal opening posterior one third tongue epiglottis 

■ Laterally palatoglossal and palatopharyngeal arches (containing palatoglossus and palatopharyngeus muscles) 

■ Superioriy soft palate 

■ Posteriorly superior and middle constrictor muscles 
o Contains palatine tonsils 

■ Found in deft between palatoglossal and palatopharyngeal arches 

■ Tonsil lies on tonsillar bed = superior constrictor muscle and pharyngobasilarfascia 
o Epiglottis 

■ United to tongue by médian and latéral glossoepiglottic tblds 

■ Dépréssion between médial and latéral folds = epiglotüc \alleculae 
• Laryngopharynx 

o From superior border of epiglottis to inferior border of cricoid cartilage 
o Lined with stratified squamous epithelium 
o Boundaries 

■ Inferiorly continuous with esophagus 

■ Superiorly continuous with oropharynx 

■ Anterioriy larynx 

■ Posteriorly middle and inferior constrictor muscles deep: Bodies of C4-C6 \ortebrae 
o Laterally middle and inferior constrictor muscles 

o Piriform recesses 

■ Small dépréssions on eithersideoflaryngeal inlet 

■ Separated from inlet by aryepiglottic tblds 

■ Bounded mediallybythyroid cartilage and thyrohyoid membrane 


Muscles of Pharynx 


• Wall of pharynx is unique 

o Composed oioutercircularand inner longitudinal layers of muscles 
o Extemal circular layer consists ofthree constrictor muscles: pharyngeal constrictors 
o Inner longitudinal layer consists ofthree paired muscles 

• Pharyngeal constrictors = three muscles 

o Superior, middle, and inferior constrictor muscles tbrm a muscular slee\* 
o Haue strong internai facial lining: pharyngobasilarfascia 
o Contractimoluntarilyin sequence = peristalsis 
o Ali supplied by pharyngeal plexus of neruss 

• Inner longitudinal layer = three muscles 

o Ele\ate larynx 
o Shorten pharynx 

o Act during swallowing and speaking 
o Stylopharyngeus 
o Palatopharyngeus 
o Salpingopharyngeus 

• Gaps between constrictors 

o Areas where structures can enter and lea\e pharynx 
o Between superior constructor and skull 

■ Levatorveli palatini 

■ Auditorytube 

■ Ascending palatine artery 

o Between superior and middle constructor 

■ Stylopharyngeus muscle 

■ Qossopharyngeal ner\e 

■ Stylohyoid ligament 

o Between middle and inferior constrictor 

■ Internai laryngeal nene 

■ Superior laryngeal artery and vein 
o Below inferior constructor 

■ Récurrent laryngeal nervs 

■ Inferior laryngeal artery 


Muscle Origin Insertion Innervation Main Actions 


Superior pharyngeal 
constrictor 

Flamulus, pterygomandibular raphe, 
mylohyoid lineofmandible 

Médian raphe 
of pharynx 

pharyngeal plexus 

Constricts wall of pharynxduring 
swallowing 

Mddle pharyngeal 
constrictor 

Stylohyoid ligament and horns of 
hyoid bone 

Médian raphe 
of pharynx 

\&gus via 
pharyngeal plexus 

Constricts wall of pharynxduring 
swallowing 

Inferior pharyngeal 
constrictor 

Oblique line of thyroid cartilage, and 
cricoid cartilage 

Médian raphe 
of pharynx 

Vhgus via 
pharyngeal plexus 

Constricts wall of pharynxduring 
swallowing 

Salpingopharyngeus 

Auditory (pharyngotympanic) tube 

Side of 
pharynx wall 

Vhgus via 
pharyngeal plexus 

Ele\etes pharynx and larynx during 
swallowing and speaking 

Stylopharyngeus 

Médial aspect ofstyloid process 

Pharyngeal 

wall 

Qossopharyngeal 

Elevâtes pharynxand larynx during 
swallowing and speaking 


Arterial supply 


Tonsillar artery (from facial) to tonsil 
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• Branches from 

o Æscending pharyngeal 
o Lingual 

o Ascending and descending palatine 


Venous drainage 

• External palatine «in —> pharyngeal plexus 

• Pharyngeal «nous plexus —> internai jugular «in 


Lymphatic drainage 

• General drainage to deep cervical nodes 

• From tonsillar tissue to nodes near angle of mandible and tonsillar (jugulodigastric) node 


Innervation 


• From pharyngeal plexus (motor and almost ail sensory) 

• Motor 

o From pharyngeal plexus via «gus ner« from cranial root of accessory ner« (cranial ner« [CN] XI) 

■ Toall muscles of pharynx except stylopharyngeus (CN V 2 ) 
o Branches from external and récurrent branches of «gus 

■ Toinferiorconstrictor 

• Sensory 

o Mainlyfrom glossopharyngeal ner« (CN IX) via plexus 
o Also 

■ Maxillaryner« (CN V 2 ) to anteriorand superior nasopharynx 

■ Tonsillar ner«s from branches of glossopharyngeal and «gus (CN X) 

Swallowing (déglutition) 

• Occurs in three stages 

• 1 =«luntary 

o Food is in the mouth, breathing occurs through the nasopharynx 
o Food is chewed (masticated) and mixed with saliva to produce a bolus 
» Bolus of tbod is compressed against hard palate 
o Palatoglossal folds relax 

o Muscles of tongue and soft palate push bolus into oropharynx 
o Cycle lasts 1 to 2 seconds 

• 2 = imnluntary 

o Reflexi«, mediated va glossopharyngeal ner« 
o Nasopharynx is dosed off bytension and ele«tion of the soft palate 

■ Pre«nts refluxof food/fluids into the nose 

■ Mediated by tensor «li palatine and le«tor «li palatine muscles 
o Suprahyoid muscles and longitudinal pharyngeal muscles contract 

■ Ele«te larynx 

■ Close epiglottis 

■ Propel bolus 

• 3 = in«luntary 

o Food propelled through the pharynx by peristalsis (sequential contraction of ail three constrictors) 

• On reaching the distal end of pharynx, high pressure causes relaxation of terminal partof inferior constrictor 

o Called cricopharyngeus muscle 
o Ser«s as superior esophageal sphincter 
o Food enters the oesophagus 

• As bolus passes pressure drops, the sphincter closes 

• Larynxand epiglottis return to normal positions 
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FACTS & HINTS 

High-Yîeld Facts 

Anatomie Points 

• The piriform fessa is a common site for fish bones to lodge. It is also a site where pharyngeal tumors can grow undetected for a period of 

• Aggregations of lymphoid tissue in the nasopharynxare called adenoids. Theycan become enlarged in children, causing obstruction ofthe 
nasopharynxand forcing the child to breathe through the mouth. 


Clinical Points 
Pharyngitis 

• Also called a sore throat 

• Usuallycaused byviral infection 

• In children, common cause of bacterial pharyngitis is beta hemolylic streptococcus 

• If infection is severe, auditory tubes can become blocked, predisposing to otitis media 

• Patient maycomplain of pain on swallowing and pain referred to the ear 

• On examination, the throat may be reddened and cervical lymph nodes may be enlarged 


Clinical Points 

Tonsillectomy 

• Surgirai remoual ofthe palatine and lingual tonsils 

• Tonsillectomy is advised if the patient has experienced récurrent attacks oftonsillitis, particularlyiftheyresulted in airway obstruction and 
hearing difficulties 

• Amajor and common surgirai procedure performed in children in the USA 

• Recovery usually within 2 weeks, although for adults fois maytake longer and can ha\« a higher complication rate 
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8 Thyroid Gland and Larynx 

STUDYAIMS 

fit the end of your study, you should be able to: 

• Knowthe general anatomyoftbe larynx 

• Describe the cartilaginous skeleton of the larynx 

• Describe the membranes of the larynx 

• Knowthe internai anatomyofthe larynx 

• List the intrinsicand extrinsic muscles of the larynxand theirtunction 

• Describe the arterial supply wenous and lymphatic drainage, and innervation of the larynx 

• Describe the structure ofthe thyroid gland 

• Describe the structure ofthe parathyroid glands 
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GUIDE 

Head and Neck: Thyroid Gland and Larynx 

Larynx: General Anatomy 

• Organ of phonation and sphincter guarding lower respiratorytract 

• Approximately 8 cm long 

• Connects oropharynxwith trachea 

• Lies anterior to prevertebral muscles, fasda, and the bodies of C3-C6 vertebrae 

Laryngeal skeleton 


• Comprised of three paired and three nonpaired cartilages 

• Epiglottic cartilage (epiglottis) 

» Leaf-shaped elastic cartilage 

o Posterior to root of tongue and hyoid bone, anterior to laryngeal inlet 
o Broad superior end is free 

o Inferiorend attached in midline to angle of thyroid laminae bythyroepiglottic ligament 

o Quadrangular membranes run between latéral sides of epiglottic cartilage and arytenoid cartilages on eitherside 
o Upperfree margin of quadrangular membrane + coiering mucosa = aryspiglottic fbld 
o During swallowing overlies laryngeal inlet 

• Thyroid cartilage 

o Composed of two fiat laminae 

o Lower two thirds of laminae fuse in midline to fbrm laryngeal prominence (Adam's apple) 
o Upper one third of laminae diverge to fbrm superior thyroid notch 
o Posterior superior border of each plate projeds superiorlyas superior horns 
o Posterior inferior border of each plate projects inferiorlyas inferior homs 
o Superior horns and superior borders of laminae attach to hyoid bone by thyohyoid membrane 

• Cricoid cartilage 

o Signet ring shaped, signet (lamina) facing posteriorly 
o Strong, thick, complété cirde of cartilage 
o Attached to inferior thyoid by médian cricothyroid ligament 
o Attached to firsttracheal ring bycricotracheal ligament 

• Arytenoid cartilages (paired) 

o Pyramid shaped with three sides 
o Aüculate with latéral superior parts of cricoid lamina 
o Has three processes: 

a. Apexat superior end 

b. Vbcal process projects anteriorly 

c. Muscular process projeds laterally 

o Apex Comiculate cartilage sits atop; attaches to aryepiglottic fbld 

o Vbcal process: posterior attachment for vocal ligament 

» Muscular process: attachaient for posterior and latéral cricoarytenoid musdes 

• Corniculate and cuneiform cartilages 

o Nodules in posterior aryepiglottic folds 
o Cuneifomns do not attach to other cartilages 
o Corniculates attach toapicesofarytenoids 

Membranes of the laryngeal skeleton 

• Cricothyroid ligaments 

o Médian cricothyroid ligament 

o Latéral cricothyroid ligaments (conus elasticus) 

o Both attach to cricoid cartilage to inferior border of thyoid cartilage 

o Médial free edgeof latéral cricothyoid ligaments = vocal ligaments, basis oftrue vocal cords 

• Quadrangular membrane 

o Inelastic connective tissue 
o Attaches latéral aspects of arytenoids and epiglottis 
o Lower free border = vestibular ligament (false vocal cord) 

■ Covered by vestibular fold 

■ Above vocal fold 

■ Extends from thyoid cartilage to arytenoid cartilage 
o Upper free border fbrms aryepiglottic ligament 

■ Covered with mucosa 

■ Calledaryepiglotticfold 

• Thyohyoid membrane 

o Bridges gap between superior border and superior horns of thyoid cartilage and 
o Pierced by superior laryngeal vessels and internai laryngeal nene 

• Mucous membrane 

o Respiratory epithelium exoeptoiertrue and aryepiglottic folds 
o This is composed of stratified squamous epithelium 


Internai anatomy of the larynx 
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• Laryngeal cavity 

o From laryngeal inlet to trachéal cavity 
o Can bedivided intothree parts 

■ Vfestibule-abovo vestibular folds 

■ Vfentride-sinus between vestibularfolds above and vocal folds below 

■ Infraglotticcavity-from below vocal folds to inferior border ofcricoid cartilage 

• Vocal folds 

o Paired, project into laryngeal cavity on either side 
o Consistof 

■ Vocal ligament-medial free edge of latéral cricothyroid ligament (conus elasticus) 

■ Vocalis musde-medial fibers of thyroid arytenoids musde 

■ Overlying mucosa 
o Source of Sound 

o Produce audible vibrations when free edges of folds dosely approximate each other 
o Are sphincter of larynx when folds are tightly approximated 

• FRima glottidis 

o Space between vocal folds 
o Vbries in size with activity 

■ During normal breathing: narrowwedge 

■ During forced respiration: wide apart 

■ During phonation: slit-like 

• Vëstibular folds (false vocal cords) 

o Folds of mucous membrane over vestibular ligaments superior to vocal folds 
o Extend between thyroid and arytenoids cartilages 
o Protedive in fonction 

• \fentride of larynx latéral outpocketings between vocal and vestibular folds on either side 
Muscles ofthe larynx 

• Extrinsic muscles 

o Are musdes attached to hyoid bone and thus mo\e thyroid 
o Inffahyoid musdes: lower larynxand hyoid bone 

■ Stemohyoid 

■ Omohyoid 

■ Stemothyroid 

■ Thyrohyoid 

o Suprahyoid musdes: Fixhyoid or elevate hyoid bone and larynx 

■ Stylohyoid 

■ Digastric 

■ IVfylohyoid 

o Stylopharyngeus-elevates hyoid bone and larynx 

• Intrinsic musdes 

o Alter length and tension of vocal cords 
o Alter rima glottides 
o Adductors 

■ Latéral cricoarytenoid muscles 

■ Transverse arytenoids 

o Abductors: posterior cricoarytenoid musdes 
o Sphincters 

■ Transverse arytenoids musdes 

■ Oblique arytenoids musdes 

■ Aiyepiglottic musdes 

o Tensors:cricothyroid musdes 
» Relaxers 

■ Thyroarytenoid musdes 

■ Vocalis musdes 

o Ali eocept cricothyroid supplied byrecurrent laryngeal nervo 


Muscle Proximal Distal Attachmerrt Innervation BloodSuppiy Action 

Attachment (Origin) (Insertion) 


Cricothyroid 

Anterior cricoid 
cartilage 

Inferior border of thyroid 
cartilage and its inferior 

External branch of 
superior laryngeal 

Superior and 
inferior thyroid 
arteries 

Lengthens and tenses vocal 
ligaments 

Posterior 

cricoarytenoid 

Posterior surface of 
lamina ofcricoid 
cartilage 

Muscular process of 
arytenoid cartilage 

Récurrent 
laryngeal nerve 

Superior and 
inferior thyroid 
arteries 

Abducls vocal folds 

Latéral 

cricoarytenoid 

Arch ofcricoid 
cartilage 

Muscular process of 
arytenoid cartilage 

Récurrent 
laryngeal nervs 

Superior and 
inferior thyroid 
arteries 

Adducls vocal folds 

Thyroarytenoid 

Posterior aspect of 
thyroid cartilage 

Muscular process of 
arytenoid cartilage 

Récurrent 
laryngeal nerve 

Superior and 
inferior thyroid 
arteries 

Shortens and relaxes vocal 
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Vbcalis 

\bcal process of 
arytenoids cartilage 

Vbcal ligament 

Récurrent 
laryngeal nerœ 

Superior and 
inferior thyroid 
arteries 

Tenses anterior \ocal ligament 
and relaxes posteriorwcal 
ligament 

Transwerse 
and oblique 
arytenoids 

Aytenoid cartilage 

Opposite arytenoid 
cartilage 

Récurrent 
laryngeal nervs 

Superior and 
inferior thyroid 
arteries 

Closes intercartilaginous 
portion of rima glottides 


Joints ofthe larynx and mctvements at the joints 

• Cricothyroid joints 

o Thyroid cartilage glides and rotâtes here 
» Changes length ofwxcal folds 

• Cricoarytenoid joints: mousment ofthe arytenoids cartilage on the lamina ofthe cricoid 

o Slide towards each other and awayfrom each other 
o Rotate 

o Tilt forward and back 



Arterial supply to larynx 


• Superior laryngeal artery 

o Through gap in thyrohyoid membrane 
» Supplies internai larynx 
o Axompanies by superior laryngeal nerœ 

• Inferior laryngeal artery 

o Supplies inferior internai larynx 
« Axompanied by récurrent laryngeal nervs 


Venous drainage of larynx 
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• Superior laryngeal vein to internai jugularvein 

• Inferior laryngeal usin —> inferior thyroid vein or thyroid \enous plexus (left brachiocephalic) 
Lymphatic drainage of larynx 

• folds : to deep cervical nodes 

• Below folds: to paratrachéal nodes to deep cervical nodes 

Innervation of larynx 
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[Plate 71, Nerves of Oral and Pharyngeal Régions] 


• Sensory 

o Abo« wcal folds: internai laryngeal nerve (branch of superior laryngeal) 
o Below vocal folds: inferior laryngeal nerve (branch of récurrent laryngeal nerve) 

• Motor: 

o Récurrent laryngeal nerve to ail intrinsic muscles ercept cricothyroid 
o Extemal laryngeal nervo to aicothyroid 

Thyroid Gland 


• H-shaped endocrine gland 

• Produces two hormones 

o Thyroid hormone-controls metabolic rate 
° Calcitonin-controls calcium metabolism 

• Overlies anterior and latéral surface trachea 

• Endosed in thin fibrous capsule with sepfa into gland 

• Surrounded by pretracheal fascia (therefore moves on swallowing) 

• Two latéral lobes linked byisthmus 

o Lobes extend from second to fifth trachéal ring 
o Isthmus lies atthird trachéal ring 

• Occasionally a pyramidal lobe extends superiorlyffom isthmus on left side 

• Aiatomic relationships 

o Anteriorly stemohyoid and sternothyroid muscles jugular vein 
o Anterolaterally: infra-hyoid muscles stemodeidomastoid 
o Posterolaterally carotid sheath 
o Posteromedially: trachea 

esophagus 

• Innervation 

o Parasympathetic: extemal branch superior laryngeal ner\e (branch vagus n.) 
o Sympathetic 
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■ From: superior, middle, and inferior cervical ganglia 

■ \âsomotor, notsecretomotor 

• Aterial supply 

• Superior thyroid artery 

o Branch of extemal carotid artery 
o Divides into anterior and posterior branches 
» Aiterior branch 

■ Supplies anterior thyroid 

■ Anastomoses with opposite anterior branch 
o Posterior branch 

■ Supplies posterior thyroid 

■ Anastomoses with inferior thyroid artery 

• Inferior thyroid artery 

o Branch thyrocervical trunkfrom subdavian artery 
o Supplies inferior pôle of thyroid 

• Thyroid ima artery 

o Branch ofaorta 
o Occurs in 10% of ail people 
o Unpaired.on leftof midline 
o Supplies isthmus 

• Vfenous drainage 

o Three pairs of thyroid veins 
o Superior thyroid \ein 

■ Drains superior région of thyroid 

■ Tributaryof internai jugular 
o Mddle thyroid veins 

■ Drain middle of gland 

■ Tributaries of internai jugular 
o Inferior thyroid veins 

■ Drain inferior région of thyroid 

■ Tributaries ofbrachiocephalicvein 

• Lymphatic drainage 

o Lymphatic vessels run with arteries 
o Drain tocapsularnetworkoflymphatics 
o —> prelarymgeal, pretracheal, or paratrachéal nodes 
o —>deep cervical nodes 

• Innervation: sympathetic from cervical sympathetic ganglia 


Parathyroid Gland 

• Small, oval endocrine glands 

• On médial halfof posterior surface of latéral lobes of thyroid, extemal to capsule 

• Two pairs of glands 

o Superior glands slightly above entrance of inferior thyroid arteries 
o Inferior glands slightly below entrance of inferior thyroid arteries 

• Aterial supply 

o Superior thyroid artery 
o Inferior thyroid artery 
o Thyroid ima artery 

• Vfenous drainage 

o Parathyroid veins 
o —>thyroid plexus ofveins 

• Lymph drainage: paratrachéal and deep cervical lymph nodes 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


Severance of récurrent laryngeal nerve 

• Récurrent laryngeal nerve (supplies intrinsic muscles larynx) 

• Is doselyassociated with inferiorthyroid arteryand needs to be aveided during necksurgery 

• If unilatéral damage, voice hoarseness may resuit because one vocal fold cannot approximate the other. 

• If bilateral damage, loss of veice will resuit because vecal folds cannot approximate each other (be adducted) 


Clinical Points 

Thyroid lumps 

• Lumps in thyroid can be single, multiple 

• Solitary nodules are likely to be benign (80%) 

• Investigation indudes: history examination, and fine-needle aspiration of the gland for cytologyand radionudeotide imaging 

• Most common malignant is papillarythyroid cancer 

• Treatment is total thyroidedomy 


Clinical Points 

Hyperthyroidism 

• Msdical condition with increased adivityof the thyroid gland 

• Results in ercessive amount of drculating thyroid hormones 

• Leads to increased rate of metabolism 

• Affects about 1%of women and 0.1% of men 

• Thyrotoxicosis is a toxic condition caused by an excess of thyroid hormones from any cause. 

• Hyperthyroidism with diffuse goiter (Graves' disease) 

o Most commons cause of hyperthyroidism in patients younger than 40 years. 
o E>cess synthesis and release of thyroid hormone (T3 and T4) resuit in thyrotoxicosis, 
o Thyrotoxicosis upregulates tissue metabolism and leads to symptoms indicating increased metabolism. 


Mnemonics 

Memory Aids 


Table 100-2. Cartilages of the Larynx 


Four cartilages in the larynx: 

TEAC 


Thyroid, ^oiglottis, Arytenoid, Cricoid 


Note: TEAC is a brand name ofa home stéréo. Associate the TEAC Sound with the vocal cords and you can make a connection. 
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9 Orbit and Contents 

STUDYAIMS 

At the end of your study, you should be able to: 

• Define the boundaries, content, and function of the bony orbit 

• Knowthe foramina of the bony orbit and whatthey transmit 

• Describetheanatomyoftheeyelids 

• Describe the anatomy of the lacrimal apparatus and know its functions 

• Knowthe anatomy of the eyeball and the composition of its three laysrs 

• Understand the raies of the reffactiue structures and media of the eyeball 

• Outline the keyextraocular and intraocular muscles and their function 

• Knowthe vascular supplyof the eye 

• Outline the innervation of the eye 
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GUIDE 

Head and Neck: Orbit and Contents 

Bony Orbit 

• Cavitycontaining and protecting five sixths of eyeball, associated musdes, nerves, and vessels. 

• Opening is protected bya thin moveable fold: the eyelid. 

• Supports, protects and maximizes the fonctions of the eye 

• Pyramidal shape with apexdirected posteriorlyand base anteriorly 

• Boundaries 

o Roof 

■ Obital plate frontal bone 

■ Lesserwingsphenoid 

■ Fossa for lacrimal gland found in orbital part 
o Floor 

■ Orbital plate of maxilla 

■ Some contributions from zygomatic and palatine bones 

■ Contains inferior orbital fissure from apexto orbital margin 
o Médial wall 

■ Paper thin 

■ Orbital plate of ethmoid bone 

■ Some contributions from frontal, lacrimal, and sphenoid bones 

■ Indented by lacrimal fossa for lacrimal sac 
o Latéral wall 

■ Frontal process of zygomatic bone 

■ Greaterwingof sphenoid 

■ Lesserwingof sphenoid 

■ Contains optic canal médial tosuperior orbital fissure 

• Foramina of the orbital cavity 


Foramen 

Location 

Structures Transmitted 

Supraorbital groove 

Supraorbital margin 

Supraorbital nerve and blood vessels 

Infraorbital groove and canal 

Orbital plate of maxilla (floor) 

Infraorbital nerve and blood vessels 

Nasolacrimal canal 

Médial wall 

Nasolacrimal duct 

Inferior orbital fissure 

Between greater wing sphenoid and maxilla 

Maxillary nerve 

Zygomatic branch maxillary nerve 
Ophthalmic vein 

Sympathetic nerves 

Superior orbital fissure 

Between greater and lesserwings sphenoid 

Lacrimal nerve 

Trochlear nerve 

Oculomotor nerve 

Abducent nerve 

Nasociliary nerve 

Superior ophthalmic vein 

Optic canal 

Lesserwing sphenoid 

Optic nerve 

Ophthalmic artery 

Zygomaticofacial foramen 

Latéral wall 

Zygomaticofacial nerve 

Zygomaticotemporal foramen 

Latéral wall 

Zygomaticotemporal nerve 

Aiterior ethmoidal foramen 

Ethmoid bone 

Aiterior ethmoidal nerve 

Posterior ethmoidal foramen 

Ethmoid bone 

Posterior ethmoidal nerve 


Eyelidsand Lacrimal Apparatus 


60 / 425 





• Eyelids and tears (lacrimal fluid) protect cornea and eyeball from dust and paiüculate matter. 

• Eyelids 

» Two mo\eable folds ofskin thatcowarthe eye anteriorly 
o Protect the eye from injury and e>cessi\e light and keep the comeas moist. 
o Eyelids separated byan elliptical opening, the palpébral fissure, 
o Couared bythin skin extemallyand palpébral conjunctiwa internally 

■ Palpébral conjuncti\e continuous with bulbarconjuncti\eof eyeball 

■ Lines of reflecfion of palpébral conjunctiva onto eyeball are deep recesses: superior and inferior conjunctiual fornices 
o Strengthened by plates of dense connecli\e tissue: tarsal plates 

■ Tarsal glands embedded in plates 

■ Produce a lipid sécrétion 

a. Lubricates edge of eyelids to prenant then from sticking together 

b. Barrier for lacrimal fluid 
o Médial palpébral ligaments 

a. Mach tarsal plates to médial margin of orbit 

b. Obicularis oculi attaches to this ligament 

° Latéral palpébral ligaments attach tarsal plates to latéral margin of orbit 
o Orbital septum from tarsal plates to margins of orbit, continuous with periosteum of bonyorbit 
o Skin around the eyes devoid of hair except for eyelashes 

■ Are arranged in double or triple rows on the free edges of the eyelids 

■ Ciliaryglands associated with eyelashes: sebaceous glands, 
o Muscles of the eyelids 

■ Orbicularis oculi 

■ Leuator palpebrae superioris 

• Lacrimal apparatus 

o Functions 

■ Sécrétés tears 

■ Prenants desiccation of comea and conjunctiva 

■ Lubricates eye and eyelid 


Aitibacterial 
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o Consiste of 

■ Lacrimal glands 

■ Lacrimal ducts 

■ Lacrimal canaliculi 

■ Nasolacrimal ducts 
o Lacrimal gland 

■ Lies in fbssa for lacrimal gland in superolateral orbit 

■ Consiste of two parte 

a. Larger orbital 

b. Smaller palpébral 

c. Divided by expansion of tendon of levator palpebrae superioris 

■ Twel\e lacrimal ducts open from deep surface of gland into superiorconjunctival fbmix 

■ Secrete lacrimal fluid upon stimulation byparasympatheticsecretomotor libers from CN VII 
o Lacrimal canaliculi 

■ Drain tears from lacrimal lake at médial angle of eye 

■ Drain to lacrimal sac 

o Lacrimal sac drains to nasal cavityvia nasolacrimal duct 


Contents ofthe Orbit 



o Surrounded byfascial sheath (Tenon's capsule) 

■ From optic nene to junction of comea and sciera 

■ Forms Socket 

■ Pierced bytendons of extraocular muscles 
o Three laysrs 

■ Outer fibrous = sciera and comea 

■ Mddle\rascular = choroid, ciliarybodyand iris 

■ Inner pigmented and nenous = retina 
o Fibrous coat 
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■ Sciera = opaque part of fi brous coat 

a. Covers posterior five sixths of eyeball 

b. Msible through conjuncti\a is the white ofthe eye 

c. Pierced posteriorly byopticnerve 

a. Transparent part offibrous coat 

b. Transmits light 
o Mddle uascular layer 

■ Choroid 

a. Outer pigmented layer 

b. Innervascularlayer 

c. Lies between sciera and retina 

d. Lines mostof sciera 

e. Terminâtes anteriorlyas ciliarybody 

■ Ciliarybody 

a. Connects choroid with iris 

b. Contains smooth muscle that alters the shape of lens 

c. Folds on internai surface (ciliary processes) produce aqueous humor and attach to suspensory ligament of lens 

■ Iris 

a. Pigmented diaphragm with central aperture: the pupil 

b. Contains smooth muscle that alters the size of the pupil to regulate the amount of light entering the eye 

c. Radial fibers of the dilator pupillae open the pupil 

d. Circular fibers ofthe sphincter pupillae close the pupil 
o Inner (retinal) layer 

■ Consists of three parts 

■ Optic part (1) 

a. Recei\es light 

b. Composed of two layers: inner neural layer and outer pigmented layer 

c. Inner neural layer contains photosensitive cells: rods for black and white and cônes for color 

■ Ciliaryand iridial parts (2 and 3) 

a. Continuation of pigmented layer plus a layer of supporti\e cells 

b. Co\er ciliarybody and posterior surface of retina 

■ Fundus 

a. Is posterior part of eye 

b. Contains optic dise = depressed area where optic nene lea\es and central artery ofthe retina enters 

c. Qatic dise contains no photoreceptors = "blind spot" 

■ Macula lutea 

a. Smal lovai area of retina 

b. Contains concentration of photoreceptive cônes forsharpness of vision 

c. Dépréssion in center = fo\ea centralis, area of most acute vision 
o Neural retina ends anteriorly at ora serrata 

■ Serrated borderposteriortodliarybody 

■ Temnination of light réceptive part of retina 
o Vbsculature of retina 

■ Central arteryof retina from ophthalmic artery 

■ Retinal veins drain to central \ein of retina 

■ Rods and cônes recei\e nutrients direetlyfrom \essels in the choroid 
o Chambers ofthe eye 

■ Aiterior chamber 

a. Between cornea anteriorly and iris/pupil posteriorly 

b. Contains aqueous humor 

■ Posterior chamber 

a. Between iris pupil anteriorly and lens and ciliarybody posteriorly 

b. Contains aqueous humor 
o Vitreous chamber 

a. Between lens and ciliarybody anteriorly and retina posteriorly 

b. Contains vitreous bodyand vitreous humor 
• Light refraction 

■ Refracts light that enters eye 

■ Transparent and sensiti\e to touch (ophthalmic nerve = CN Vj ) 
o Aqueous humor in anterior chamber 

■ Refracts light 

■ Provides nutrients for cornea 

■ Produced bydliarybody 

■ Circulâtes through Canal of Schlemm in iridocomeal angle 

■ Transparent, endosed in capsule 

■ Shape changed by ciliary musdes via suspensory ligaments attached around periphery 

■ Convexity varies to adjustforfocus on near or far objecte 

■ Parasympathetic stimulation of dliary musde reduces tension of suspensory ligaments and lens rounds uplbr near vision 

■ Absence of parasympathetic stimulation relaies dliary musde, increases tension on suspensory ligaments and flattens 
lens for far vision 


Muscles of the Orbit 
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• Intrinsic (intraocular) musdes 

o Ciliarymusde 
o Constrictorpupillaeofiris 
o Dilatorpupillaeofiris 

• Extrinsic (extraocular) musdes 

o Six musdes 

o Four arise from common tendineus ring surrounding optic canal and part ofsuperior orbital fissure 

■ Latéral and médial rectus (2) 

a. Lie in same horizontal plane 

b. Rotate eyeball laterallyand medially respedively 

■ Superior and inferior rectus (2) 

a. Lie in same vertical plane 

b. Pull eyeball superiorlyand inferiorly respedively 
o Inferior oblique 

a. Works with superior rectus 

b. Pulls eyeball superiorlyand laterally 
o Superior oblique 

a. V\forks with inferior rectus 

b. Pulls eyeball inferiorlyand laterally 

o Sheathed byreflection offasdal sheath around eyeball (Tenon's capsule) 

■ Médial and latéral check ligaments 

a. Triangular expansions of sheath of médial and latéral rectus musdes 

b. Atached to lacrimal and zygomatic bones 

c. Limit abduction and adduction 

■ Suspensoryligament 

a. Union of check ligaments with fasda of inferior rectus and inferior oblique musdes 

b. Forms sling that supports eyeball 


Muscle 

Origin 

Insertion 

Action 

Nerve Supply 

Blood Supply 

Extrinsic 
muscles of 
the eyeball 






Superior 

Common tendinous ring 

Superior aspect of eyeball, 
posterior to the comeosderal 
jundion 

Elevâtes, 
adduds,and 
mediallyrotates 
eyeball 

Oculomotor nerve 
(CN III) -superior 
division 

Ophthalmic 

Inferior 

Common tendinous ring 

Inferior asped of eyeball, 
posterior to comeosderal 
jundion 

Depresses, 
adduds,and 
laterally rotâtes 
eyeball 

Oculomotor nerve 
(CN III) -superior 
division 

Cfohthalmic 

Médial 

Common tendinous ring 

Médial aspedof eyeball, 
posterior to comeosderal 
jundion 

AJduds eyeball 

Oculomotor nerve 
(CN III) -superior 
division 

Ophthalmic 

Latéral 

Common tendinous ring 

Latéral asped of eyeball, 
posterior to comeosderal 
jundion 

Abduds eyeball 

Abducent nerve (CN 
VI) 

Ophthalmic 

Superior 

oblique 

Bodyof sphenoid, above 
optic foramen and médial 
origin ofsuperior rectus 

Passes through trochlea and 
attaches to superior sdera 
between superior and latéral redi 

Abduds, 
depresses, and 
mediallyrotates 
eyeball 

Trochlear nerve 
(CN IV) 

Cfohthalmic 

Inferior 

oblique 

Aiteriorfloor of orbit latéral 
to nasolacrimal canal 

Latéral sdera deep to latéral 

Abduds, elevetes, 
and laterally 
rotâtes eyeball 

Oculomotor nerve 
(CN III)-inferior 
division 

Ophthalmic 

Muscles of 
eyelids 






palpebrae 

superioris 

Lesser wing of sphenoid, 
anterior to optic canal 

Superior tarsal plate 

Raises upper 

Oculomotor nerve 
(CN III) -superior 
division 

Ophthalmic 

Orbicularis 

oculi 

Médial orbital margin, 
palpébral ligament, and 
lacrimal bone 

Skin around orbit palpébral 
ligament, upperand lower 
eyelids 

Closes eyelids 

Fadal nerve (CN 

VII) 

Facial and 
superfidal 
temporal 
arteries 

Intrinsic 
muscles of 
theeye 






Sphincter 

pupillae 

(iris) 

Circular smooth muscle of 
the iris that passes around 
pupil 


Constrids pupil 

Parasynpathetic 
libers via 

occulomotor (CN III) 

Cfohthalmic 

Dilator 

pupillae 

(iris) 

Ciliarybody 


Dilates pupil 

Synpatheticfibers 
via long ciliary 
nerves (CN Vi) 

Cfohthalmic 

muscles 

Comeosderal jundion 

Ciliarybody 

Controls lens 

(accommodation) 

Parasynpathetic 
libers via short 
ciliary nerves (CN 

Cfohthalmic 


64 / 425 



Vasculature of the Orbit 





[Plate 91 Vascular Supply of ^e] 


° Ophthalmicartery(main supply) 

■ Enters orbit through optic canal 

■ Latéral to optic nerve 

o Infraorbital arteryfrom maxillary 
o Branches of ophthalmicartery 

■ Supraorbital 

■ Supratrochlear 

■ Lacrimal 

■ Dorsal nasal 

■ Ethmoidal-anteriorand posterior 

■ Central arteryofthe retina 

a. Branchofophthalmic 

b. Runswithin durai sheathof optic nerne 

c. Emerges at optic dise and branches o\«r retina 

■ Posterior ciliaryarteries 

a. Branches of ophthalmic 

b. Sixshorttochoroid 

c. Twolongtociliaryplexus 

■ Anteriorciliary 

a. From muscular branches of ophthalmic 

b. Anastomoses with posterior ciliaryarteries 

Distrib ution of Branches of Ophthalmic Artery _ 

Branch (in order oforigin) Structures Supplied 

Lacrimal artery | Lacrimal gland, conjunctive and eyelids 
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Short posterior dliary arteries 

Choroid layerof retina tosupply Visual layer 

Long posterior ciliaryartery 

Ciliary body and iris 

Central artery of retina 

Retina 

Supraorbital artery 

Forehead and scalp 

Posterior ethmoidal artery 

Posterior ethmoid air cells 

Anterior ethmoidal artery 

Anterior and middle ethmoid air cells, frontal sinus, nasal cavity skin of nose 

Dorsal nasal 

Dorsumofnose 

Supratrochlear 

Forehead and scalp 


o Superiorophthalmic\*in 

■ Formed by union of supraorbital and angular vein of face 

■ Receivss blood from anterior and posterior ethmoid, lacrimal and muscular branches, central vsin of retina, and upper two 
vorticose vains of retina 

■ Drains to cavemous sinus 
o Inferiorophthalmicvsin 

■ Forms in floorof orbit 

■ Receivas blood from lower extraocular muscles and lower two vorticose vains of retina 

■ Drains to cavemous sinus 

■ Communicates with pterygoid plexus of \eins through inferior orbital tissure 


Innervation of the Orbit 



o Formed from axons of retinal ganglion cells 
o Exits through optic canal 

o Fibersfrom médial halfofeach retina aoss at optic chiasm and join uncrossed fibers from latéral halfof contralatéral retina tolbrm 


66/425 



























optic tract 

Oculomotor ner\e (CNIII) 

o Runs in latéral wall ofcauemous sinus 
o Enters orbitthrough superiororbital fissure 

o Contains parasympatheticfibers to sphincter pupillae and ciliarymuscles 
o Supplies 

■ Levator palpebrae superioris 

■ Superior rectus 

■ Médial rectus 

■ Inferior rectus 

■ Inferior oblique 
Trochlear nene (CN IV) 

o Runs in latéral wall ofcauemous sinus 
o Passes through superior orbital fissure 
o Supplies superior oblique muscle 
Abducent ner\e (CN VI) 

o Courses through cawsmous sinus 
o Enters orbitvia superior orbital fissure 
o Innerrates latéral rectus muscle 
Branches of the ophthalmic nerra (CN Vi) 
o Lacrimal ner\« to lacrimal gland 
o Frontal nerve 

■ Divides into supraorbital and supratrochlear 

■ Supplies upper eyelid, forehead, and scalp 
o Nasociliary ner\« and its branches 

■ Infratrochlearto eyelids, conjuncti\a, and nose 

■ Aiterior and posterior ethmoidal nenas to sphenoid and ethmoid sinuses 

■ Long ciliary nerves to dilator pupillae 
Short ciliary nenas 

o Branches from ciliaryganglion 
» Carryparasympatheticand sympatheticfibers 
o Innenate ciliarybodyand iris 



FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


General Testing of Extraocular Muscles 

• Extraocular muscles actas synergists and antagonists and are responsible for multiple moMements ofthe eye. 

• Itcan bedifficulttotesteach eye muscle individually 

• Ageneralist, howe\er, can gain a general idea of extraocular muscle (or nerve) impairment by checking the abilityof individual muscles to 
elevate or depress the globe with the eye abducted or adducted, thereby aligning the globe with the pull (line of contraction) ofthe muscle 

• Æsk patient to "Follow my finger with just your eyes" and mo\e your linger in the form ofthe letter H. 

• Superior rectus is tested bymoving your finger superiorly and mediallyto the eye (to counteractthe interaction ofthe inferior oblique) 

a. Inferior rectus is tested bymoving your linger inferiorlyand mediallyto the eye (to counteractthe interaction ofthe superior oblique) 

b. The médial and latéral rectus muscles are tested bymoving yourfinder mediallyand laterallyto the eye. 

c. The inferior oblique is tested bymoving your finger superiorly and laterallyto the eye 

d. The inferior oblique is tested bymoving your finger inferiorlyand laterallyto the eye. 

• Remember that because ali the muscles are invol\ed in the continuous mo\ement ofthe eye, it is difficult to isolate the action of just one 
with absolute clinical certaintyvia fois test 


Clinical Points 
Cataract 

• Most common clinical condition ofthe eye worldwide 

• ln\ol\es opacification or doudiness ofthe lens 

• Riskfactors indude: smoking, âge, alcohol, diabètes, steroid use, and exposure to ultraviolet (UV) ray® 

• Treatmentinvol\es surgical remoual ofthe lens 

• Eyesight is corrected with an implant, glasses, and/or contact lens 


Clinical Points 
Gaucoma 

• One of most common cause of blindness worid wide 

• Build-up of pressure in anterior and posterior chambers ofthe eye 

• Usuallya resuit of résistance to outliowof aqueous humorvia angle of eye and forough canal of Schlemm 

• Results in compression of neural layer of retina 

• Leads to Visual field defects and ultimately blindness 

• Increased intraocular pressure dassified as open or dosed angle 

a. Open angle-de\elops graduallywifo blocking of canal of Schlemm or obstruction of angle 

b. Closed angle-occurs rapidlywhen iris and lens block passage of aqueous humorthrough pupil 

Clinical Points 


Orbital "blow-out" Fractures 

• Médial and inferior walls of orbit are \eryfoin, so a blow to the eye can fracture the orbit 

• Indirect trauma that displaces walls is ralled a "blow-out" fradure 

• Fractures of médial wall mayin\el\e efomoid and sphenoid sinuses 

• Fracture ofthe floor may in\el\ed the maxillarysinus 

• Fractures can resuit in intraorbital bleeding 

• Blood puts pressure on eyeball, rausing exophthalmos 

• Blood and orbital structures can hemiate into maxillarysinus 


Clinical Points 


Conjunctivltis 

• Common condition often referred to as "pink eye" 

• An inflammation ofthe conjundiwa 

• Symptoms indude redness, irritation, and watering ofthe eyes and sometimes discharge and itching 

• Can be triggered by infection 

a. Flighlycontagious 

b. Caused bybacteriaorviruses 

c. Sexuallytransmitted diseases (STDs), such as gonorrhoea and chlamydia, can cause it 

d. Viral conjunctivitis is common with several viral infections and can arise as a resuit of or during a common cold orflu 

• Can be triggered by allergies 

a. More freqentlyoccurs in children with other allergie conditions, e.g., hayfever, animal fer 

b. Typicallyaffectsbofoeyesatthesametime 

• Can be triggered by an external irritant 

a. Can be caused bypollutants such as traffic tomes, smoke 

b. Can be caused by Chemicals such as soap, chlorine 


Mnemonics 
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Memory Aids 

Formula for the innervation of extraocular muscles: 

LR6-S04 

Rest3 

LR6 L ateral R ectus -^CNVI (abducent) 

S04 S uperior Oblique —> CN IV (trochlear nerve) 

Rest: Remaining 4 muscles —» CN III (oculomotor) 

Superior reclus 

Inferi or reclus 

Médial rectus 

Inferior Oblique 
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10 Ear 

STUDYAIMS 

At the end of your study, you should be able to: 

• Define the external, middle, and innerear 

• Describe the anatomical features of the extemal ear 

• Describe the tympanic membrane (ear drum) 

• Describe the walls of the middle ear 

• Outline the structures located within the middle ear 

• Understand the transmission of Sound through the middle ear 

• Describe the bony labyrinth and its components 

• Describe the membranous labyrinth and its components 

• Understand the organization of the semicircular canals and their relationship to equilibrium 

• Understand the organization of the Organ of Corti and its relationship to hearing 

• Understand how Sound is perœiued 
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GUIDE 

Head and Neck: Ear 


• ls divided into three paris 
o Extemal ear 

■ Extemal acoustic meatus 


o Mddleear 


■ Tympanic cavityand its œntents 

■ Epitympanic recess 
o Innerear 

■ Vfestibulocochlearorgan 

■ Membranous labyrinth 

■ Bony labyrinth 

• Functions are equilibrium (balance) and hearing 


External Ear 


• Aurideorpinna 

o Skin-cowared elastic cartilage 

o Collects Sound and directs it to external auditory meatus 
o Features 

■ Deep dépréssion: concha 

■ Lobule: eartobe 

• External auditory (acoustic) meatus 

o From the deepest partof the concha to the tympanic membrane 
o Through the tympanic partof the temporal bone 
o Latéral one third is carlilaginous and lined with normal skin 

o Médial two thirds are bony and lined with thin skin continuous onto tympanic membrane 
o Ceruminous glands (waxproducing) and sebaceous glands found in subcutaneous tissue of latéral one third 

• Tympanic membrane 

o Forms médial wall external ear, latéral wall of middle ear 
o Oval and semitransparent 

o Couared with thin skin extemallyand mucous membrane internally 

o Has shallow, cone-like dépréssion at its center (seen otoscopically) with the umbo atthe centerof the dépréssion 
o Latéral process (handle) of the malleus embedded in tympanic membrane and tip extends to the umbo on the internai surface 
o Pars tensa 

■ Part of membrane below handle of malleus 

■ Contains circular and radial fibers 
o Pars flacdda 

■ Part of membrane abowa handle of malleus 

■ Contains no fibers 

o Mouas in response to air vibrations 

o Transmits vibrations to auditory ossides of middle ear via handle of malleus 


Middle Ear 


• Contained within petrous partof temporal bone 

• Indudes tympanic cavityand epitympanic recess 

• ls connected anteriorlywith nasopharynxby pharyngotympanictube (auditorycanal) 

• Contains 

o Auditory ossides (bones of middle ear) 

■ Malleus (hammer) 

■ Incus (anvil) 

■ Stapes (stirrups) 

o Stapedius and tensor tympani muscles 
o Chorda tympani nerve 
o Tympanic plexus (neruas) 

• Walls of tympanic cavity 

o Roof 

■ Thin bone-tegmen tympani 

■ Séparâtes tympanic cavity from middle cranial fossa 
o Floor 

■ Bony 

■ Séparâtes tympanic cavity from superior bulb of internai jugularvein 
» Médial wall 

■ Séparâtes tympanic cavityfrom inner ear 

■ Features 

a. Promontory round projection overlying basal tum of cochlea 

b. Oval window into which fbotplate of stapes fits-cowared bysecondarytympanic membrane 
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c. Fenestra cochlea or round window 
o Anteriorwall 

■ Séparâtes tympanic cavity from carotid canal 

■ Superiorly has opening of auditorytube and canal for tensor tympani 
o Posteriorwall 

■ Superiorly aditus (opening) to mastoid antrum, connecting to mastoid air cells 

■ Between posteriorwall and aditus, prominenceofcanal offadal nene 

■ Pyramidal eminence 

a. Tinycone-shaped prominence 

b. Contains proximal attachmentofstapedius muscle 

o Latéral wall 

■ Tympanic membrane 

■ Latéral wall ofepitympanicrecess 

■ Handleofmalleus 

• Ossides 

o Chain of bones across tympanic cavity 
o Extend from tympanic membrane to oval window on médial wall 

■ Handle of malleus attaches to tympanic membrane and head articulâtes with incus 

■ Incus articulâtes with head of malleus and end of long limb with stapes 

■ Head of stapes articulâtes with long limb of incus and base (foot-plate) fits into o\al window on médial wall 
° Increase the force but decrease amplitude of vibrations from tympanic membrane 

• Ajditory(pharyngotympanic)tube 

o Formerlycalled Eustachian tube 
o = Communication between middle ear and nasopharynx 
o Allow equalisation of atmospheric pressure in middle ear 

o Adiwslyopened bycoordinated contractions of levatorand tensorvsli palatine musdes 

• Musdes 

o Function to dampen mousment of auditory osside 
» Tensortympani 
o Stapedius 

• Neruss 

° Chorda tympani 

■ Branch of fadal nerve (cranial nerve [CN]) VII 

■ Emerges from facial canal through canaliculus in posteriorwall of middle cavity 

■ Carries tastefibers to anteriortwo thirds of tangue 

■ Crosses médial surface of neck of malleus 

■ Exits anterioriy\ia canaliculus to petrotympanic fissure 
o Tympanic plexus 

■ On the promontoryofthe médial wall 

■ Contributions from tympanic branch of glossopharyngeal (CN IX) 

■ Twigs from internai carotid plexus 

■ Twig from fadal nerve 

■ Supplies 

a. Mucous membrane of tympanic cavity 

b. Mastoid antrum 

c. Mastoid air cells 

d. Ajditorytube 


InnerEar 


• Concerned with the réception of Sound and maintenance of balance 

• Buried within petrous portion of temporal bone 

• Msmbranous labyrinth suspended within bony labyrinth 

• Bony labyrinth 

» Occupies latéral région of petrous ridge of temporal bone 
o =Spacefilledwithperilymph 
o Surrounded by bony capsule harder than petrous bone 
° Cochlea 

■ Concerned with hearing 

■ Contains the membranous cochlear duct 

■ Constats of 

a. Spiral canal 

b. Bonycore, the modiolus 

■ Canal spirals around modiolus 

■ Basal tum forms promontoryof médial wall of tympanic cavity 

o fit basal tum, bony labyrinth communicates with subarachnoid spaceabovejugular foramen via cochlear aqueduct 
o Vfestibule 

■ Small oval chamber 

■ Contains membranous utride and saccule 

■ Oval window is on latéral wall 

■ Continuous with 

a. Cochlea anteriorly 

b. Semidrcularcanals posteriorly 

■ Communicates with posterior cranial fossa via aqueduct of vestibule 

a. Extends to posterior surface of petrous ridge of temporal bone 
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b. Contains membranous endolymphatic duct 
o Semicircularcanals 

■ Aiterior, posterior, and latéral 

■ Set at right angles to each other in three planes 

■ Lie posterosuperior to vestibule 

■ Each opens into vestibule 

■ Swelling atone end ofeach canal: ampulla 

■ Contain membranous semicircularducts 

• Msmbranous labyrinth 

o Collection ofducts and sacs 
o Suspended within bony labyrinth 
o Filled with endolymph 
o Vfestibular labyrinth 

■ Utride 

a. Has specialized area ofsensoryepithelium: macula 

b. Hair cells in macula innervated byvestibular division of vestibulocochlear nerve (CN VIII) 

c. Hairs respond to tilting of head and linear accélération and décélération 

■ Saccule 

a. Communicates with utride 

b. Continuous with cochleardud 

c. Contains macula, identical in structure and function to thatof utride 

■ Semicircularducts 

a. Within semicircularcanals 

b. Each has ampulla at one end 

c. Ampullarycrest in each ampulla senses movement of endolymph in plane of dud 

d. Hair cells in crest innervated by vestibular division of vestibulocochlear nerve (CN VIII) 

e. Deted rotational (tilting) movements of head 
o Cochlear labyrinth 

■ Spiral ligament suspends cochlear dud from extemal wall ofspiral canal 

■ Cochleardud 

a. Triangularinshape 

b. Filled with endolymph 

c. Spans spiral canal, dividing it into two channels, each filled with perilymph 

d. Two channels: scala tympani and scala vestibule, meet at apexof cochlea (helicotrema) 

e. Third, middle channel = cochlear dud 

f. Roofofdud = vestibular membrane 

g. Floorofdud = basilar membrane 

■ Spiral organofCorti 

a. Found on basilar membrane 

b. Covered bygelatinous tedorial membrane 

c. Contains haircells-tips embedded in tedorial membrane 

d. Hair cells innervated by cochlear division of vestibulocochlear nerve (CN VIII) 

• Propagation of Sound 

o Initiated bysound waves 

■ Transmitted as vibrations byossides 

■ Stapes vibrâtes in oval window 

■ Créâtes waves of pressure in perilymph of vestibule 

■ Waves ascend in spiral canal in scala vestibule 

■ Transfer to scala tympani at helicotrema 

■ Pass down scala tympani to round window 

■ Dissipated via secondary tympanic membrane in round window to air of middle ear cavity 
o Réception of Sound 

■ Deformation of cochlear dud by pressure waves in perilymph 

■ Stimulâtes hair cells of spiral organ embedded in tedorial membrane 

■ Base ofspiral organ receives high frequencysounds and apexreceives low-frequencysounds 

• Internai auditory (acoustic) meatus 

o 1 cm long tiny canal in petrous ridge of temporal bone 
o Opening in posteromedial asped of ridge in posterior cranial fbssa 
o Transmits facial (CN VII) and vestibulocochlear (CN VIII) nerve 
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Cartilaginous part of auditory (pharyngotympanic, eustachian) tube at base of skull: inferior view 


Latéral pterygoid plate 
Scaphoid fossa 
Foramen ovale 
Foramen spinosum 

Spine of sphenoidal bone 
Mandibular fossa 


Stylomastoid foramen 
Mastoid process 



Palatine process of maxilla 
Horizontal plate of palatine bone 

Choana 


Foramen lacerum 
Petrous part of temporal bone 
Occipital condyle 


— Foramen magnum 


[Plate 98, Auditory (Pharnygotypmpanic, Eustachian) Tube] 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 

Otitis externa 

• Defined as an inflammation or infection of the external ear 

• Also called swimmer's ear 

• Usuallybacterial in origin 

• Pathogens indude pseudomonas aeruginosa and staphylococcus aureus 

• Patient may présent with itchiness, a sensation of having the ear blocked, and pain 

• Ear on examination is painful.erythematous, and maybe discharging pus 

• Treatment is with topical antibiotics (eardrops) 

Clinical Points 
Otitis media 

• Defined as an inflammation of the middle ear 

• Also known as glue ear 

• IVbst common in children between the âges of 6 months and 2 years 

• Symptoms indude: pulling or rubbing the ears because of ear pain, fe\er, fussiness, or irritability fluid leaking from the ear, changes in 
appetite orsleeping patterns, trouble hearing 

• Usually to the resuit of bacterial infection 

• On examination with an otoscope, the ear drum looks dull with loss of the cône of light 

• Commonlytreated with antibiotics 

• With frequent reoccurring infections and evidence of hearing loss or speech delay, small tubes called tympanostomy tubes are placed in the 
eardrums to ventilate the area behind the eardrum and keep the pressure equalized to atmospheric pressure in the middle ear. 

Clinical Points 

Weber Test and Rinne Test for Hearing 


Weber Test 

• Wth a Vtfeber test of hearing, a tuning fork is struck and placed on the patients forehead 

• The patient is asked to report in which ear the Sound is heard louder 

• This test cannot confirm normal hearing, because hearing defects affecting both ears equally will produce an apparently normal test resuit 

• ARinne test should be done at the same time 

Rinne Test 

• ARinne test compares perception of sounds, as transmitted by air or by Sound conduction through the mastoid 

• This is achievad byplacing a vibrating tuning fork (512 Hz) initiallyon the mastoid, then nextto the ear and asking which Sound is loudest 

• Apatient with normal hearing with a positive Rinne on both sides would hearthe Sound equally in both ears or maynotewsn hear itat ali if 
the room is noisy enough to mask the subtle Sound of the tuning fork 

• Apatient with a unilatéral (one-sided) conductive hearing loss would hear the tuning fork loudest in the affected ear (conduction through 
bone is more effective that the normal route through the outer and middle ear) 
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11 Méningés and Brain 

STUDYAIMS 

fit the end of your study, you should be able to: 

• Outline the gross structure of the brain 

• State the lobes of the cérébral hemispheres and their fonction 

• Describe the layers of the méningés 

• Outline the «nous drainage of the brain and the keyusnous sinuses 

• Describe the formation of cerebrospinal fluid 
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GUIDE 

Head and Neck: Méningés and Brain 

Brain 



[Plate KH Cerebrum: Latéral Vlews] 
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• Is composed of sixregions for purposes of description 

• (1 ) Cérébral hemispheres (cerebrum) 

o Largestpartofbrain 
o Occupyanterior and middle cranial fossae 
o Two, separated bylongitudinal cérébral fissure 

» Connected by trans\erse fiber bundle at base of longitudinal fissure: corpus callosum 
o Cavity in each hémisphère = \«ntricle 
o Composed of four lobes: 

■ Frontal lobe: 

Involved in higher mental fonction 
Contains speech and language centers 

■ Pariétal lobe: 

Initiâtes mowsment 
Involved in perception 

■ Temporal lobe: 

Involved in memory, hearing, and speech 

■ Occipital lobe: 

Contains Visual cortex 

o Each lobe marked byfolds (gyri) and groowas (sulci) 

• (2) Diencephalon 

o Composed of 

■ Epithalamus 

■ Thalamus 

■ Hypothalamus 

« Surrounds third ventride of brain between right and left hal\es 

• (3) Mdbrain (mesencephalon) 

o 4tjunction of middle and posterior cranial fossae 
° Contains narrowcanal: cérébral aqueduct 
. (4) Pons 

o Found in anterior région of posterior cranial cavity 
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o Contains cavitythat contributes to fourth ventride 

• (5) Medulla oblongata 

o Lies in posterior cranial fossa 
o Continuous with spinal cord 
o Contains inferior portion of fourth uentride 

• (6) Cerebellum 

» Dorsal to pons and medulla 
o Beneath posterior cerebrum 

o Composed of two latéral hemispheres connected byuermis in midline 
o Important in 

■ Maintenance of balance, posture and coordination 

■ Timing and strength of contraction of musdes 


• Parts of brain hidden by cérébral hemispheres and cerebellum 

• Contains third and fourth ventrides and cérébral aqueduct 

• Composed of 

o Mdbrain 
o Pons 

o Medulla oblongata 

• Contains masses of graymatter, manyofwhich are sensoryand motor nudei of cranial nerves 


Arterial supply to the brain 

• Internai carotid artery 

o Anses in neck 

o Enters cranial cavity via carotid canals 
o Terminâtes as 

■ Anterior cérébral artery-connected to opposite artery by anterior communicating artery 

■ Mddle cérébral artery 

o Joined to posterior cérébral artery near termination by posterior communicating artery 

• \fortebral arteries 

o Ascend through transmise foramina of C1-C6 cervical \«rtebrae 
o Perforate dura 

o Enter posterior cranial fossa via foramen magnum 
o Unité at posterior pons to form basilar artery 
o Ascends on divus 

o Divides into two posterior cérébral arteries 

■ Unité with internai carotid artery via posterior communicating arteries 

• Cirde ofWillis 

o Cérébral arterial cirde 
o Composed of 

■ Anterior communicating artery 

■ Anterior cérébral arteries 

■ Internai carotid arteries 

■ Posterior communicating arteries 

■ Posterior cérébral arteries 

• Areas supplied by anterior cérébral artery 

o Médial and superior brain 
o Frontal pôle 

• Areas supplied bymiddle cérébral artery 

o Latéral brain 
o Temporal pôle 

• Posterior cérébral artery 

o Inferior brain 
° Ocdpital pôle 


Méningés 
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[Rate 101, Méningés and Superficial Cérébral Veins] 


• Surround and protect the brain 

• Are the support for arteries, veins, and venous sinuses 

• Endosethesubarachnoidspace 

• Endose cerebrospinal fluid (CSF) 

• Are similar in name, structure, and arrangement to those around the spinal cord 

• Dura mater 

o Thickfibrous layer 

o Consists of two layers (unlike the dura mater around the spinal cord) 
o Outer periosteal layer = periosteum on inner surface of caluaria 
o Inner meningeal layer 

■ Tightly bound to the periosteal layer 

■ Continuous with the durai of the spinal cord 

• Arachnoid mater 

o Thin, nonuascular membrane 
o Looselyattached to dura mater 
° Separated from pia mater by subarachnoid space 

• Pia mater 

o Adhèrent to brain and spinal cord 
o Highlywascular connective tissue 

• Subarachnoid space 

o Real space between arachnoid and pia mater 
o Contains cerebrospinal fluid from ventricularsystem-cushions brain 

• Subarachnoid cisterns 

o Areas where pia and arachnoid are widely separated 
o Collect large pools of CSF 
o Occur mainlyat base of brain 


Venous drainage of brain 

• Cérébral \eins 

o Superiorand latéral surfaces of brain tosuperior sagittal sinus 
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o On posterior and inferior aspects of brain drain into straight, transverse, and superior petrosal sinuses 
o Thin-walled and valveless 

• Superior cerebellar \eins to straight, trans\erse, and superior petrosal sinuses 

• From durai \enous sinuses to internai jugularvein 


Durai infoldings 


• Created byintemal meningeal layerofdura mater 

• Form septa that separate régions of the brain from other régions 

• Falxcerebri 

o Largestof infoldings 
o Lies in longitudinal fissure 

• Tentorium cerebelli 

o Second largestinfolding 

» Crescent-shaped fold separating cérébral hémisphères from cerebellum 
o Mâches to 

■ Aiteriortyto dinoid processes of sphenoid 

■ Laterally to petrous part of temporal bone 

■ Posteriorlyand laterallyto internai occipital and pariétal bones 

■ Falxcerebri, which suspends tentorium 
o Tentorial notch 

■ Gap in anterior border 

■ Mows for passage of brain stem 

• Diaphragma sellae 

o Circularsheetofdura 

» Suspended between anterior and posterior dinoid processes 
o Contains gap for passage of pituitarystalkand accompanying veins 


Durai venous sinuses 

• Endothélium lined channels between periosteal and meningeal layers of the dura 

• Thick-walled and valveless 

• Formed where dura attaches 

• Confluence of sinuses: where superior sagittal, straight, ocdpital, and transverse sinuses meet at internai occipital protubérance 

• Superior sagittal sinus 

o From crista galli to confluence of sinuses 
o Communicates via slit-like openings with latéral venous lacunae 

• Inferior sagittal sinus: from crista galli to straight sinus 

• Straight sinus: formed by union of inferior sagittal sinus and great cérébral vein (of Galen) 

• Transverse sinus 

o Drains confluence of sinuses 

o Runs along postérolatéral attachmentoftentorium cerebelli 
o Becomes sigmoid sinus 

• Sigmoid sinus 

o Traverses jugularforamen 
o Becomes internai jugularvein 

• Ocdpital sinus: atattached border of cerebellar faix 

• Cavernous sinus 

o On eithersideofsella turcica 
» Is composed of a network of thin, valveless vein 
o Sinuses communicate with each other via intercavernous sinuses 
o Receives blood from 

■ Superior and inferior ophthalmic veins 

■ Superlicial middle cérébral vein 

■ Sphenoparietal sinus 
o Contains 

■ Internai carotid artery 

■ Oculomotor nerve (CNIII) 

■ Trochlear nerve (CN IV) 

■ V] division of trigeminal nerve (CN V) 

■ Mducent nerve (CN VI) 

■ Sympathetic plexus around artery 

• Superior petrosal sinus: from posterior ends of cavernous sinuses to transverse sinuses 

• Inferior petrosal sinus: from posterior ends of cavernous sinuses to internai jugular vein 

• Emissaryveins conned durai sinuses with veins outside the cranium 
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Maintains balance of extracellular fluid in the brain 
Similar in content to blood 
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o Less protein 
o Different ion concentrations 

• Formed bychoroids plexuses in the four \entrides of the brain 

• Ab plexuses of capillaries that project into the latéral, third and fourth \entrides 

• Circulâtes through \entricular System 

o From latéral wsntrides to intenentricular fbramina to third ventride 
o From third usntride through cérébral aqueduct to fourth ventride 

o From fourth \entride through paired latéral apertures and a single midline aperture in the roof into subarachnoid space 

• Arsorbed through arachnoid granulations into \enous blood in durai \enous sinuses 

o Aachnoid granulations are tufts of arachnoid villi protruding into the durai \enous sinuses 
o Subarachnoid space with CSF extends into core of the tufts 
o Approximately400 mL/dayofCSF—>venous drculation 


Vasculature of dura 


• Primarily provides blood to calwaria 

• Mddle meningeal artery 

o Branch of axillaryartery 
o Enters through foramen spinosum 
o Fias anterior and posterior branches 

• Meningeal branches of 

o Ophthalmicarteries 
o Ocdpital arteries 
o Vfertebral arteries 

• Vënous drainage: meningeal veins 

o Ax»mpanymeningeal arteries 
o Occur in pairs 

o Frequentlytom in skull fractures 
o Mddle meningeal \eins drain to pterygoid \enous plexus 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 
Meningitis 

• Inflammation of the arachnoid and pia mater 

• Can be caused by drugs or malignancy but usually by pathogenic bacteria 

• Infection can be due to meningococcal or pneumococcal bacteria 

• Patient may présent with fever, nonblanching purpuric rash, neckstiflhess, and photophobia 

• IVbrtalityfrom bacterial causes can be up to 30% 

• Diagnosis is byexamination and lumbar puncture 

Hydrocephalus 

• Caused byexcess cerebrospinal fluid (CSF) production or, more likely by abnormal absorption 

• Classified as obstructive, communicating or normal pressure 

• Blockage usuallyin cérébral aqueduct by narrowing 

• Can be a resuit oftumor, hemorrhage, and infection 

• Communicating blocks movement of CSF from ventrides 

• Can be caused by absence of arachnoid granulations orsubarachnoid hemorrhage 

• Dilates ventrides, thins cérébral cortex, séparâtes bones of calvaria in infants 

Braintumors 

• Twenty-fi\« percent of ail braintumors arise from a different site (metastasis) 

• Common sites of original tumor indude: breast, bronchus, prostate, thyroid, and kidney 

• Primarybrain tumors can be benign, such as meningiomas and neurofibromas, ormalignant, such as astrocytomas and 
oligodendrogliomas 

• Can présent as epilepsy focal neurology or signs of raised intracranial pressure 

• Diagnosis is by history examination, and computed tomography (CT) or magnetic résonance imaging (IVRI) of the brain 
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12 Cranial and Cervical Nerves 

STUDYAIMS 

At the end of your study, you should be able to: 

• Know the names and functions of the aanial nerves 

• State the foramen through which the cranial nerves emerge from the skull 

• Outline formation of the cervical plexus 

• Know the sensory nenas arising from the cervical plexus and their distribution 

• Know the muscles innervated bymotor branches ofthe cervical plexus 

• Understand the formation ofthe ansa cervicalis and know the muscles innervated byits branches 

• Describe the formation of, and fibers composing, the phrenic nen© 

• Know the structures innervated bythe various components ofthe phrenic nerve 


87 / 425 



GUIDE 

Head and Neck: Cranial and Cervical Nerves 

Cranial Nerves 

12 pairs of cranial nerves arisefrom the brain, andtheyareidentified both bytheirnames and by Roman numerals I through XII. The cranial nerves 
are somewhat unique and can contain multiple functional components: 

• General: same general functions as spinal nerves 

• Spécial : functions fbund only in cranial nerves 

• Afferent and effierent: sensory or motor functions, respedively 

• Somaticand viscéral: related to skin and skeletal muscle (somatic), orto smooth muscle and glands (viscéral) 


Hence, each cranial nerve maypossess multiple functional components, such as GSA(general somatic afferents), meaning itcontains nerve 
libers that are sensory from the skin, not unlike those of the spinal nerve; GVE (general viscéral efferents), meaning it contains motor fibers to 
viscéral structures (smooth muscle and/or glands) like a parasynpathetic fiber from the sacral spinal cord (S2-S4 gives rise to parasympathetics); 
orSSA(special somatic afferents), meaning itcontains spécial sensory libers, such as those for vision or hearing. 
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Craniai Nerve 

Functional Component 

Craniai Opening 

lOfactory nerve 

SVA(spedal sense of smell) 

Foramina in cribriform plate 

Il Optic ner\e 

SSA(spedal sense ofsight) 

Optic canal 

III Oculomotor 

GSE (motor to extraocular musdes) 

GVE (parasympatheticto smooth musde in eye) 

Superior orbital fissure 

IVTrochlear nerve 

GSE (motor to 1 extraocular musde) 

Superior orbital fissure 

VTrigeminal nerve 

GSA(sensory to face, orbit, nose, anterior 
tangue) 

SVE (motor to skeletal musdes) 

three branches: ophthalmic, maxillary and mandibulartravel 
through multiple openings 

VIAbducens nerve 

GSE (motor to 1 extraocular musde) 

Superior orbital fissure 

VII Facial nerve 

GSA(sensoryto skin of ear) 

SVA(spedal sense of taste to anterior tangue) 
GVE (motor to glands-salivary, nasal, lacrimal) 
SVE (motor to fadal musdes) 

Internai acoustic meatus Facial canal Slylomastoid foramen 

VIII 

Vëstibulocochlear 

SSA(spedal sense of hearing and balance) 

Internai acoustic meatus 

IX 

Qossopharyngeal 

GSA(sensoryto posterior tangue) 

SVA(spedal sense of taste-posterior tangue) 
G\A(sensoryfrom middle ear, pharynx, carotid 
body and sinus) 

GVE (motor to parotid gland) 

SVE (motor to 1 musde of pharynx) 

Jugular foramen 

XVhgus nerve 

GSA(sensoryextemal ear) 

SVA(spedal sense of taste-epiglottis) 
G\A(sensoryfrom pharynx, larynx, and thoracic 
and abdominal organs) 

GVE (motorto thoradc and abdominal organs) 

Jugular foramen 
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SVE (motor to musdes of pharynxlarynx) 


XI Spinal 
accessoryner\A3 

SVE (motor to 2 musdes) 

Jugular foramen 

XII Hypoglossal 

GSE (motor to tongue musdes) 

Hypoglassal canal 


In general, CN I and II arise from the forebrain and are reallytracts of the brain forthe spécial senses of smell and sight. CN III, iy and VI mo\e the 
extraocularskeletal muscles ofthe eyeball. CN Vhas three divisions: Vj and V2 are sensory and V3is both motortoskeletal muscle and sensory. 
CN VII, IXand Xare both motorand sensory. CN VIII is the spécial senseofhearing and balance. CNXIand XII are motortoskeletal muscle. CN III, 
VII, IXand Xalso contain parasympatheticfibers of origin (viscéral), although manyof the ANS fibers will "jump" onto the branches of CN Vto reach 
their targets. The fbllowing table summarizes the types of fibers in each cranial nerve and where each passes through the cranium: 

• Cranial nerves emerge through fbramina or fissures in the cranium 

• Twelve pairs 

• Numbered in order of origin from the brain and brain stem, rostral to caudal 

• Contain one or more of sixdifferent types of fibers 

o Motorfibers toveluntary muscles 

■ Somatic motor fibers to striated muscles (1 ) 

a. Orbit 

b. Tongue 

c. Neck (stemodeidomastoid and trapezius) 

■ Branchial motor (or spedal viscéral efferentfibers) to striated musdes derived from pharyngeal arches (example: musdes of 
mastication) (2) 

o Motor fibers to involuntary musdes = general viscéral efferent (parasympathetic fibers) (3) 
o Sensoryfibers 

■ General vsceral afferent fibers (4) 

a. Carrysensation from viscera 

b. Originate in carotid body sinus, heart, lungs, and gastrointestinal tract 

■ General somatic afferent fibers carrying pain, pressure, température, touch information (5) 

■ Spécial sensory afferent fibers conveying taste, smell, vision, hearing, and balance (6) 

• Can be sensory, motor, or mixed 


Sensory Innervation of the Dura 

• Dura of the cranial fossae innervated by meningeal branches of cranial and cervical nerves 

• Anterior cranial fossa 

o Anterior meningeal branches of the ethmoidal nerves from ophthalmic nerves (CNVj) 
o Meningeal branches of the maxillary nerves (cranial nerve [CN] V2) 
o Meningeal branches of the mandibular nerves (CN V3) 

• Mddle cranial fbssa 

o Meningeal branches ofthe maxillary nerves (CN V2) 
o Meningeal branches ofthe mandibular nerves (CN V 3 ) 

• Posterior cranial fossa 

o Tentorial nerve from ophthalmic nerve (CN Vj ) 

o Meningeal branches direcfiyfrom C2 and C3 spinal nerves or carried by CN X(vagus) or CN XII (hypoglossal) 


Cervical Plexus 


• Formed from anterior rami of C1-C4 spinal nerves 

• Consists of a sériés of loops and branches from the loops 

• Lies deep to stemodeidomastoid (SCM) and anteromedial to levator scapulae and middle scalene muscles 

• Cutaneous branches ofthe cervical plexus 

o Emerge from posterior border of SCM 
o Nerves from loop formed between anterior rami of C2 and C3 

■ Lesser occipital (C2)toskinof neck and scalp posterior toauride 

■ Great auricular (C2 and C3) to skin o\er parotid gland, mastoid process, auride, and between angle of mandible and 
mastoid process 

■ Transverse cervical nerve (C2 and C3) to skin o\er anterior cervical région 
o Supradavicular nerves 

■ Arise from C3-C4 loop 

■ Emerge from under SCM 

■ Supplyskin over davide, superiorthoracic wall, and shoulder 

• Motor branches 

o Are considered deep branches 
o Innervate prevertebral musdes 

■ Stemodeidomastoid (C2 and C3) 

■ Trapezius (C3 and C4) 

■ Levator scapulae (C3 and 04) 

o Motorfibers from Cl travel with hypoglossal nerve 

■ Some Cl fibers leave hypoglossal nerve and innervate 

a. Thyrohyoid muscle 

b. Geniohyoid muscle 

■ Rest leave the hypoglossal as its descending branch 
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o Motor libers from Cl and C2 directly innervate thyrohyaid (an infrahyaid strap muscle) 
o Motor fibers from C2,3 form the descending cervical nerva 
o Ansa cervicalis 

■ Loop formed by descending branch from hypoglossal nerva (superior root) (Cl ) and descending cervical nerva (inferior root) 
(C2.C3) 

■ Branches from ansa innervate remaining infrahyaid strap muscles 

a. Omohyaid 

b. Sternohyaid 

c. Stemothyroid 

o Motor libers from C3, C4, and C5 contribute to roots of phrenic nerva 
• Phrenic nerve 

o Formed bybranches of anterior rami of C3, C4, and C5 spinal nervas 
° Contains a mixoffibers 

■ Sole motorsupplyto the diaphragm 

■ Sensoryfibers from the central part of the diaphragm (sensoryfibers from periphery provided by intercostal nervas) 

■ Sympathetic nerve fibers from the cervical sympathetic ganglia to smooth muscle of blood vessel walls 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


Facial Nerve Palsy 

• Unilatéral (one-sided) injuryto the facial nerus or its branches 

• Results in sudden weakness affecting some or ail of facial muscles on affected side 

• Causes indude: infections such as TB, polio; brainstem lésions; tumors, such as acoustic neuromas; acute and sudden exposure of the 
face to cold températures 

• Aigle of mouth droops on affected side with dribbling of fbod and saliva 

• Sad look when face is rela>ed 

• Lower eyelid falls awayfrom eyeball with drying of comea and tearing from corner of eye 

• Speech affected (production of B,M,P, and Wsounds), because of weakened lip muscles 

Trigeminal Neuralgia 

• Disease affecting the sensory root of CN V 

• Characterized by épisodes of intense pain lasting a few seconds in areas inneruated by the trigeminal nervs. 

• Usually one-sided and can affecta division of CN V usuallythe mandibular, maxillarynerve. 

• Pain can be triggered bytouching a sensitive area ("trigger point”) 

• The cause is not usually known 

• Treatment is directed to controlling the pain. 

Ocular Nerve Palsy 

• Alesionoftheoculomotor nerve will paralyzeall extraocular muscles exœpt the latéral rectus and the superior oblique. This leads to : 

• Rosis-drooping of the eyelid (levator palpebrae superioris) 

• No constriction of the pupil in response to light (sphincter pupillae) 

• Dilation of the pupil (unopposed dilator pupillae) 

• Eyeball abducted and depressed ("down and ouf) (unopposed latéral rectus and superior oblique) 

• No accommodation of the lens for near vision (ciliarymusde) 


Mnemonics 

Memory Aid 

Names of the Cranial Nerves 



Memory Aid 

Motor, Sensory and Mixed (Both) Cranial Nerves 
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13 Cérébral Vasculature 

STUDYAIMS 

At the end of your study, you should be able to: 

• State the main arteries that supply the brain 

• Describe the course of the vertébral artery 

• Identify the arteries contributing to the drde of Wlllis 

• Identitythe régions thateach of the cérébral arteries supplies 

• Describe the venous drainage of the brain 

• Identitythe branches of the extemal carotid artery and structures supplied 

• Describe the division ofthe subdavian artery byscalene anteriorand the branches given off byeach part 

• Understand the organization and major vessels ofthe venous drainage ofthe head and neck 

• Understand the principles and organization ofthe lymphatic drainage ofthe face and head and neck 

• Understand the principles and organization ofthe lymphatic drainage ofthe neck 
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GUIDE 

Head and Neck: Cérébral Vasculature 

Vascular Supply to the Brain 



Arterial Supply 


• Internai carotid arteries 

o Aise from common carotid arteries in neck 
o Begin at upper border ofthyoid cartilage 
o Haue no branches to lace or neck 

o Enter carotid canals in temporal bone, then pass anteriorly and medially 
« Run through carotid sinuses in grooues on side of bodyof sphenoid 
o Terminal branches 

■ Anterior cérébral artery 

■ Mddle cérébral artery 
o Contribute to circle ofWillis 

■ United to posterior cérébral artery byposterior communicating branches 

■ Complété arterial circle around interpeduncular fossa 
o Provide anterior circulation of brain 

• \&rtebral arteries 

o First branches of subdavian arteries 
o /tecend in fbramina transversaria offirstsixcervical wsrtebrae 
o Provide uascular supply to cervical spinal cord and neck 
o Pierce dura and enter cranium via foramen magnum 
o Unité as at caudal end of pons to form basilar artery 

■ /tecends on divus 

■ Terminâtes by dividing into two posterior cérébral arteries 

■ Contribute todrdeof Willis 
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■ Posterior cérébral arteries unité with anterior cérébral arteries via posterior communicating arteries 
o Provide posterior drcular of brain 

• Cérébral arteries 

o Each supplies a région ofthe brain 
o Anterior cérébral artery 

■ Médial and upper latéral surfaces of cérébral hemisphere 

■ Frontal pôle 

o Mddle cérébral artery 

■ Lower and latéral cérébral hemisphere 

■ Temporal pôle 

o Posterior cérébral artery 

■ Inferior surface of cérébral hemisphere 

■ Occipital pôle 

• Cérébral arterial cirde (drde ofWlllis) 

o Lies in subarachnoid space 
o Important anastomosis at base of brain 
o Formed by 

■ Anterior communicating arteries 

■ Anterior cérébral arteries 

■ Internai carotid arteries 

■ Posterior communicating arteries 

■ Posterior cérébral arteries 

o Components supplybrain via manysmall branches 


Artery 

Course and Structures Supplied 

Vfertebral 

From subdavian artery, supplies cerebellum 

Posterior inferior cerebellar 

From vertébral artery, goes to posteroinferior cerebellum 

Basilar 

From both vsrtebrals, goes to brainstem, cerebellum, cerebrum 

Anterior inferior cerebellar 

From basilar, supplies inferior cerebellum 

Superior cerebellar 

From basilar, supplies superior cerebellum 

Posterior cérébral 

From basilar, supplies inferior cerebrum, occipital lobe 

Posterior communicating 

Cérébral arterial drde (of Willis) 

Internai carotid (IC) 

From common carotid, supplies cérébral lobes and eye 

Mddle cérébral 

From IC, goes to latéral aspect of cérébral hémisphères 

Anterior communicating 

Cérébral arterial drde (of Willis) 

Anterior cérébral 

From IC, goes to cérébral hémisphères (except occipital lobe) 
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Venous Drainage 

• Durai venous sinuses 

o Drain venous blood from superficial and deep veins of tbe brain 
» Sinuses drain to internai jugularvein via jugular foramen 

• Vfeins on superiorand latéral surfaces of brain drain to superior sagittal sinus 

• Basal veins run laterallyand dorsallyaround cérébral pedunde to end in great \ein of Galen, which drains to straight sinus 

• Vëins on posterior and inferior surfaces of brain, superior cerebellar veins, and transverse sinuses drain to several sinuses 

o Straight 



Vascular Supply to Scalp, Face, and Neck 
Aliénai Supply 


• Common carotid artery 

o Branchof aorte arch on left 
o Branchofbrachiocephalicarteryonright 

o Ascends neck in carotd sheath, beneath anterior border sternodeidomastoid 
» Biforcates into internai and extemal carotd arteries at level thyroid cartilage 
o internai carotd artery has no branches in the neck 

• External carotd artery 

o Begins in upper border thyroid cartilage 

o Mainly supplies the face and structures external to the skull, with some branches to the neck 
o Branches 

■ /tecending pharyngeal 

a. /tecends on pharynx 

b. Send branches to pharynx, prevertebral muscles, middle ear, and cranial méningés 

■ Superior thyroid 

a. Supplies thyroid gland, inffahyoid muscles, and sternodeidomastoid musde 
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b. Gf s rise to superior laryngeal artery supplying larynx 

■ Lingual 

a. Passes deep to hypoglossal nerf, stylohyoid muscle, and posterior bellyof digastric 

b. Disappears beneath hyoglossus muscle and becomes deep lingual and sublingual arteries 

a. Branches to tonsil, palate, and submandibular gland 

b. Hooks around middle of mandible and enters face 

■ Occipital 

a. Passes deep to posterior bellyof the digastric 

b. Groofs baseofskull 

c. Supplies posterior scalp 

■ Posterior auricular 

a. Passes posteriorlybetween extemal acoustic meatus and mastoid process 

b. Supplies muscles of région, parotid gland, facial nerf, auride, and scalp 

■ Maxillary 

a. Largeroftwo terminal branches 

b. Branches supply external acoustic meatus, tympanic membrane, dura mater and calvaria, mandible, gingivae and 
teeth, temporal pterygoid, masseter, and buccinator musdes 

■ Superficial temporal 

a. Smaller terminal branch 

b. Supplies temporal région of scalp 


Carotid Branch 

Course and Structures Supplied 

Superior thyroid 

Supplies thyroid gland, larynx, and infrahyoid musdes 

Ascending pharyngeal 

Supplies pharyngeal région, middle ear, méningés, and pref rtebral musdes 

Lingual 

Passes deep to hyoglossus musde to supplythe tangue 

Fadal 

Courses of r the mandible and supplies the face 

Occipital 

Supplies SCMand anastomoses with costocervical trunk 

Posterior auricular 

Supplies région posterior to ear 

Maxillary 

Passes into infratemporal tassa (described later) 

Superficial temporal 

Supplies face, temporalis muscle, and latéral scalp 


• Subdavian artery 

o Branch ofaorticarch on the left 
o From brachiocephalic trunk on the right 
o Enters neck between anterior and posterior scalene muscles 
o Supplies upper limbs, neck and brain 

o Divided for descriptif purposes into 3 parts, in relation to the anterior scalene musde 

■ First part 

a. Médial to the anterior scalene 

b. Has three branches 

■ Second part 

a. Posterior to the anterior scalene 

b. Has one branch 

■ Third part 

a. Latéral to anterior scalene 

b. Has one branch 


Subclavian Branch 

Course 

Parti 


|\fe rtebral 

/tecends through C6-C1 transf rse foramina and enters foramen magnum 

| Internai thoradc 

Descends parastemally to anastomose with superior epigastric artery 

iThyrocervical trunk 

Gifs rise to inferior thyroid, transf rse cervical, and suprascapular arteries 

Part 2 


Costocervical trunk 

Gfs rise to deep cervical and superior intercostal arteries 

Part 3 


Dorsal scapular 

Is inconstant; may also arise from transf rse cervical artery 


• Superficial fins 

o Extemal jugularfin (EJV) 

■ Drains mostof scalp and side offace 

■ Formed at angle of mandible by union of retromandibularf in with posterior auricular fin 

■ Enters posterior triangle and pierces fascia of its roof 

■ Descends to terminate in subdavian fin 

■ Receifs 

a. Transf rse cervical fin 

b. Suprascapularf in 

c. Anterior jugularf in 
o Anterior jugularf in 
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■ Descends deep toimestingfascia 

■ Posteriorto stemodeidomastoid (SCM), drains to EJVorsubdavian \«in 

■ Commonly unités with anteriorjugularon opposite side via ajugulanenous arch 

o Internai jugulanein (IJ\^ 

■ IVbst \reins in anterior neck are tributaries of IJV 

■ Drains blood from brain, anterior face, cervical viscera, and deep muscles of neck 

■ Begins as dilatai of superior bulbjust belowjugular foramen 

■ Runsinferiorlyincarotidsheath 

■ Inferior end deep to gap between two heads of SCM musde 

■ Joins subdavian vein tofbrm brachiocephalicvein 
o Subdavian vein 

■ Major tan draining upperlimb 

■ Passes anterior to anterior scalene musde 

■ Unités at médial border of musde with IJVtoform brachiocephalicvein 
o Tributaries of subdavian and IJVtravel with arteries of same name 

Lymphatic Drainage 


• Drainage of face and head 

o Superlicial lymphatic vessels accompanyuains 
o Deeplymphaticuasselsaccompanyarteries 
o Lymphatic drainage of face 

■ Drainage from latéral face to parotid nodes 

■ Drainage from upper lip and latéral lower latéral lip to submandibular nodes 

■ Drainage from chin and central lower lip to submental nodes 
o Ali drain to parotid, mastoid, or superlidal cervical nodes 

o These drain to deep cervical nodes 

• Drainage ofthe neck 

» Superficial drainage to superfidal cervical nodes 

■ Located along course of EJV 

■ Also receiie drainage from nodes of face and head 
o Superfidal cervical nodes drain to deep cervical nodes 

• Deep cervical nodes 

o Lie along course of IJV transverse cervical artery and accessory nerve 
o Indude 

■ Prelaryngeal nodes 

■ Pretracheal nodes 

■ Paratrachéal nodes 

■ Retropharyngeal nodes 
» Drain tojugular lymphatic trunk 

• Jugular lymphatic trunks 

o Onleft 

■ Joins thoradc duct on left 

■ Thoradc duct enters junction of IJVand subdavian vein 
o Onright 

■ Empties directly into IJVor brachiocephalicvein 

■ Or forms short right lymphatic duct which enters either of these \essels 
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[Plate 144, Subependymal Veins of Brain] 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 
Stroke 

• Focal neurology lasting greaterthan 24 hours as a resuit of a vascular cause 

• Can be caused byan intracranial bleed 

• Mare often (80% of cases) as a resuit of an infarct-ischemia, because of thrombosis or embolization from an atherosderotic \essel 

• Majorityof strokes occur in the territory supplied by the internai carotid artery 

• Symptoms indude: hemiparesis, hemiplegia, aphasia, homonomous hemianopia 

• Strokes affecting the territorysupplied bythe \«rtebral artery can présent with ataxia, dysphonia, dysphagia, and homonomous hemianopia 


Clinical Points 

Berry Aneurysm 

• Congénital defect in tunica media of arteries of drcle ofVWIIis 

• Results in a saccularor Berry aneurysm 

• Rupture is most common cause of subarachnoid hemorrhage 

• Anterior cérébral, internai carotid, and middle cérébral mostcommonlyaflected 

• Patient may présent with headache, wmiting, altered consciousness, and signs of meningeal irritation 
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Back and Spinal Cord 


14 Topographie Anatomy 

STUDYAIMS 

A the end of yourstudy, you should be able to: 

• Identifyposteromedianfurrow 

• Identifÿextemal occipital protubérance, vertebra prominens, iliac aests, posterior superior iliac spines 

• Identifÿdeltoid, latissimus dorsi, trapezius, erector spinae, teres major, infraspinatus, gluteus maximus, and médius 

• Identitÿmargins of scapula 
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GUIDE 

Back and Spinal Cord: Topographie Anatomy 



• Médian line of back: posteromedian furrowo\erlies tips of spinous processes 

o Deepest in lower thorade/upper lumbar région 
o Bordered byerectorspinae 

• Vfertebra prominens = C7 spinous process (Tl maybe more prominent) 

• Scapula: 

o Superior angle atthe le\el ofT2 

o Médial end of scapular spine opposite spinous process of T3 
o Inferior angle at level of T7 

o Médial border of scapula parallels the sixth rib and approximates oblique fissure of lung when the arm is abducted by placing the 
hand on the head 

• lliac crests at level of L4 = supracristal line 

• S2 spinous process lies le\el with a linejoining the posterior superior iliaespines 

• Tipofcoccyxapproximately2.5cm posterosuperiorto the anus 

• Anatomy of muscles ofthe back are covered in Section 2-4: Back and Spinal Cord-Muscles and Nerves. (Muscles that are readily visible are 
trapezius, latissimusdorsi, and teres major). 
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Level Corresponding Structure 

C2-C3 

Mandible 

C3 

Hyaid bone 

C4-C5 

Thyroid cartilage 

C6 

Cricoid cartilage 

C7 

Vfertebra prominens 

T3 

Spine of scapula 

T4/5 

Sternal angle (of Louis) 

T7 

Inferior angle of scapula 

T8 

Inferior usna cava pierces diaphragm 

T10 

Xphistemal junction 

T10 

Esophagus enters stomach 

Tl 2 

Aarta passes behind diaphragm 

L1/2 

Spinal cord ends (cauda equina starts) 

L3 

Subcostal plane 

L3-L4 

Umbilicus 

L4 

Bifurcation of aorta 

L4 

lliaccrests-supracristal line 

S2 

End of durai sac 

S2 

Leusl ofposteriorsuperioriliacspines 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 

Lumbar Puncture: Performed for retrieval of cerebrospinal fluid (CSF) from the lumbar spinal cistem. The patient is placed in the left decubitus 
position, fle>ed in the fêtai posture with the supracristal line vertical. Puncture should be made at the L3/4 (immediately superior) or L4/5 
(immediately inferior) interspace in the midline of the back, to avoid the spinal cord. 

Mnemonics 

Memory Aids 

Lumbar puncture: To keep the cordalive, keep the needle between L3 andL5! 
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15 Bones and Ligaments 

STUDYAIMS 

A: the end of yourstudy, you should be able te: 

• Identifythe significant parts of a typical vertebra and understand régional variations 

• Identifythe specialized vertebrae 

• Knowthe atlachments and fundion of the vertébral ligaments 

• Describe the spine, its curuatures, and gross \«rtebral column mouaments 

• Describe the type, location, and mowaments of the joints ofthewartebral column 
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GUIDE 

Back and Spinal Cord: Bones and Ligaments 

Vertébral Column 


Anteriorview Left latéral view Posterior view 



[Plate 150, Vertébral Column] 


• approximately72tD 75 cm long (25% of length because of intervertébral dises) 

• 33 vertebrae (can vary32-34) 

o 7 cervical, 12 thoracic, 5 lumbar, 5 sacral, 4 (3-5) cocc^eal 

o Typically ha\e: body; vertébral arch (2 laminae, 2 pedides) and foramen; spinous (1) and transverse (2) processes; articular 
processes (4) 

• Fibrocartilaginous intervertébral dises 

o Allow mo\ement between vertébral bodies (in cervical, thoracic, and lumbar régions) 

• Curvature (maybepnmaryorsecondary-see below) 

o Cervical anteriorcon\exity(2'0 
» Thoracic anteriorconcavity(1°) 
o Lumbar anterior convexity (2°) 
o Sacral anterior concavity (1°) 


Vertebrae 
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• Cervical vertebrae 

o Permit forward/lateral flexion, extension, rotation 

o Cl (Alas): No bodyor spinous process; articulâtes witb occipital condyles via paired latéral masses and with the axis via the 
superior articular facets and dens of tbe axis; groove on superior aspectof the posterior arch for vertébral arteries and dorsal ramus 
ofCI 

o C2 (Ads): Dens (odontoid process), large superior articular facets for Cl 

o C3-C5: Short bifid spinous processes (anten'ortuberde ofC6 isthe carotid tuberde, vrfiich the carotid arterycan be compressée! 

against to control bleeding) 
o C6-7: long, nonbifid spinous processes 

o C7 (\fertebra prominens): long (nonbifid) spinous process; small transverse foramina that transmit accessoryvertebral veins NOT 
vertébral artery 

o Hâve transverse processes with anterior and posterior tubercles and foramina (foramina transversaria), which transmit vertébral 
arteries and \eins and sympathetic neres plexuses 

• Thoracicvertebrae 

o A-e relatively rigid, mainlyallow rotation of the trunk 
o T1-T4: Aypical-have somefeatures ofcervical \ertebrae 
o T5-T8: Typical 

o T9-T12:Aypical-havetuberdes similarto mamillaryand accessoryprocesses of lumbar vertebrae 
o Hâve long transverse processes that extend posterolaterally 

• Lumbar vertebrae 

o A-e relativelymobile, permit forward/lateral flexion and extension but little rotation 

o Ha\e accessory process found on posterior surface of the base of each transverse process for attachment of médial intertransverse 
lumborum muscle 

o Hâve mamillary process for attachment of multifïdus and médial intertransverse muscles 

o L5: massive body and transverse processes and is thicker anteriorly-contributes to the lumbosacral angle (usually 130°-160°) and 
carries the weight of the upper body 

• Sacrum (sacral vertebrae) 

o Composed of five vertebrae that fuse at about 20 years of âge, inferior portion is nonweightbearing 
o Aüculates with "hip" bones at sacroiliacjoints 
o Has concave pelvic surface 
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o Iswider in femalesthan males 

» Has a sacral canal (continuation of vsrtebral canal) that contains cauda equine 
o Has thefbllowing features: 

■ Sacral hiatus (termination of sacral canal) that contains filum terminale 

■ Médian crest: fased spinous processes 

■ Paired médial crests: fused articular processes 

■ Paired latéral crests: fused tips of the transvsrse processes 

■ Sacral corneae that project inferiorly on either side of sacral hiatus 
• Coccyx (coccygeal vertebrae) 

o Consist of three to fi\e coccygeal vertebrae, inferior three fuse as coccyxin midlife 
o Has coccygeal corneae that articulate with saaal corneae 

o ProVdes site of attachmentlbr gluteus maximus, coccygeus muscles, and anococcygeal ligament 
» Is joined to the sacrum by the sacrococcygeal symphysis 


Vertebrae Distinctive Features 

CerVcal 

Small bodies, large ærtebral foramina, foramina in trans\Asrse proœsses, anterior and posterior tubercles, bifid 
spinous processes 

Thoracic 

Heart-shaped bodies, long spinous processes angled posteroinferiorly; costal facets for rib articulation on bodies and 
transverse processes 

Lumbar 

Large kidney-bean-shaped bodies, sturdylaminae, thickand short spinous processes, mammillary processes on the 
posterior surface of the superior articular facets (processes) 

Sacral 

Fused as sacrum, four pairs of dorsal and ventral foramina for nerve exit and triangular sacral canal 

Coccygeal 

Fused as small triangular bone-the coccyx 


Cervical vertebrae: anterior view 



• Intervertébral (IV) dises 

o Connectarticulating surfaces of adjacent \ertebral bodies 
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o Are intégral partof secondarycartilaginous joints between vertébral bodies (exœptC1/2) 

o Are composed of a tough annulus fibrosus surrounding an avascular, gelatinous nucléus pulposus 

o Act as "shock absorbera" and semifluid bail bearings to provide small movements between individual vertebrae 

• Zygapophysial (orfacet)joints 

o Are synovial joints between the superior and inferior articular processes 
o Are surrounded by thin, loose articular capsule 
o Permit gliding movements between vertebrae 

• Atlanto-occipital joints 

o Are synodal joints between the latéral masses of atlas and occipital condyles 
o Permit flexion/extension and some latéral bending and rotation 

• Atlantoaxial joints 

o Are three synovial joints between the inferior latéral masses of Cl and the superior facets of C2 and between the anterior arch of Cl 
and thedensofC2 

o Permit rotation of Cl (and the head), which is limited bythe alar ligaments 

• Costovertebral joints Synovial, between the vertebrae and ribs (see: Thorax) 

• Sacroiliac (SI) joints. Synovial joints (see: Pelvis and Perineum) 


Ligament 

Features 

Anterior longitudinal 

Limits extension 

Maintains stabilityof IVdiscs 

Posterior longitudinal 

Limits flexion 

Prevents IVdischemiation 

Intertransverse 

Limits latéral bending 

Interapinous 

Limits flexion 

Supraspinous 

Limits flexion 

Ligamenta flava 

Limits flexion 

Préserves curvatureofcolumn 

Prevents injuryto the IVdiscs 

Ligamentum nuchae 

Prevents cervical hyperflexion 

Attachment site for trapezius and rhomboid minor 
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Anteroposterior radiograph latéral radiograph 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


Types of Vertébral Fractures 

• Compression fractures 

o Vfertebral bodycollapses 
o Caused byosteoporosis, trauma, or tumor 
° UsuallyoccuratC7andT1 

o Moderate to severe pain, limitation of movement, kyphosis 

• Jefferson fracture 

o Four part fracture ofthe ring of Cl 
o Caused bya fall on the vsrtex 

o Patients hâve upper neck pain but can be neurologically intact 

• Hangman fracture 

o Caused by hyperextension ofthe head on the neck 
o Bipedide fracture ofC2 
o Anterior displacement of C2 and C3 
o Results in quadriplegia ordeath 

Cervical Hyperextension 

• IVbst common in young adults from trauma and sports injuries and the elderly resulting in cord compression 

• Resuit ofwhiplash from caracddents 

• Results in softtissue injury fractures, dislocations, ligamentous tears, and discdisruption 


Clinical Points 

• Spinal curvatures: The primarycurvatures ofthe \ertebral column in the thoradc and saaal régions develop during the fêtai period and are 
caused by différences in height between the anterior and posterior aspects ofthe vertebrae. The secondary curvatures are mainlya resuit of 
anterior-posterior différences in IVdise thickness. The cervical curvature is acquired when the infant begins to lift its head, and the lumbar 
curvature when the infant begins to walk. 

• Abnormal curvatures: Kyphosis is an increased thoradc curvature, commonly seen in the elderly ("Dowagerhump"). It is usually caused by 
osteoporosis, resulting in anterior vertébral érosion or a compression fracture. An ercessive lumbar curvature is termed a lordosis and is 
seen in association with weaktrunk musdes, pregnancy and obesity Scoliosis is an abnormal latéral curvature ofthe spine, accompanied 
by rotation ofthe vartebrae. 

• Spondylolisthesis: The lumbosacral angle is created between the long axes ofthe lumbar vertebrae and the sacrum. It is primarilybecause 
ofthe anterior thickness ofthe L5 body As the line of body weight passes anterior to the SI joints, anterior displacement of L5 over SI may 
occur (spondylolisthesis), applying pressure to the spinal nerves ofthe cauda equina. 

• Sacralization: In about 5% of individuals, the L5 vertebra is partially or totally fused with the sacrum. Because the L5/S1 level is now very 
strong, the L4/5 levai is likelyto degenerate in these cases. 


Mnemonics 

Memory Aids 

Vfertebral bodies: 

• Thoracic are heart-shaped since your heart is in your thorax 

• Lumbar are kidney-bean shaped as the kidneys are in the lumbar area 


Craniovartebral joints: 

• Atlantoocdpital joint is the yes-yes joint because it permits nodding 

• Atlantoaxial joint is the no-no joint because it permits tuming the head from side to side 
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16 Spinal Cord 

STUDYAIMS 

At the end of your study, you should be able to: 

• Draw a schematic transverse section through the spinal cord, méningés, and \ertebrae 

• Understand the structure and function of the dorsal and ventral spinal nene roots and rami 

• Understand the general topographyand synaptictransmitters of the autonomie nenous System 

• Knowthe lewsls of the principle dermatomes 

• Describe the \asculature supply of the spinal cord and vertébral column 
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GUIDE 

Back and Spinal Cord: Spinal Cord 

Spinal Cord 


• Originates atthe inferiorend ofthe medulla oblongata and terminâtes as conus medullaris 

• Is approximately42 to 45 cm long from the foramen magnum to L2 (variable from T12-L3) 

• Is connected from the conus medullaris to the coccyr by the filum terminale (a strand of connectiue tissue that connects exits from the durai 
sac and passes through the sacral hiatus) 

• Has two régional enlargements 

o Cervical-origin ofthe brachial plexus innervating the upper limb 
o Lumbosacral-origin ofthe lumbar and sacral plexuses inneruating the lower limb 

• Has the following features in cross section 

o Dorsal médian sulcus and \antral médian fissure that divide cord into symmetrical hal\«s 
o Central canal carrylng cerebrospinal fluid (CSF) 

o White matter surrounding an H-shaped core of grey matter (\antral and dorsal homs) 


Structure of Spinal Nerves 
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[Plate 158, Relation of Spinal Nerve Roots to Vertebrae] 


• 31 pairs of spinal nervas 

o 8 cervical, 12 thoracic, 5 lumbar, 5 sacral, 1 coccygeal 
o C1-C7 exitsuperiorto corresponding vertebrae 
o C8 exits inferior to the C7 vertebra 
o Tl-Co exit inferiorto corresponding vertebrae 

• Cauda equina: spinal nerva roots inferiorto the conus medullaris, travelling obliquelyto exitvartebral canal 

• Vfentral roots 

o Carry efferent (motor) fibers with their cell bodies in the \entral hom of the cord 
o Maycontain presyiaptic autonomie fibers 

• Dorsal roots 

o Carry afferent (general and viscéral sensory) libers with their cell bodies in the dorsal root ganglion (DRG) 
o May be absent i n Cl and Co 

• Vfentral and dorsal roots: combine to fbrm a (mixsd) spinal nerve which exits through the intervertébral foramen and divides almost 
immediately into (mi>ed) ventral and dorsal rami 

• \fentral rami 

o Aiterior and latéral branches 
o Form plexuses and supplythe limbs and trunk 

o Médial and latéral branches 
o Supplythe skin and true muscles of the back 
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[Plate 162, Spinal Membranes and Nerve Ftoots] 
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• Dura mater: Tough fibroelastic membrane 

« Is continuous with the inner (meningeal) laysr ofthe cranial dura 
o Mached to the margins of the foramen magnum and posterior longitudinal ligament 
o Separated bythe épidural space from fsrtebral periosteum 
» Extends as a sac from the margin of the foremen magnum to the leuel of S2 
o Pierced by spinal nervss 

o Anchored to the coccyxbythe extemal filum terminale 

o Forms durai root sleeves cofsring the spinal nervss before fusing with the epineurium 

• Arachnoid mater: Délicate, awascular, fibroelastic membrane lining durai sac 

o Opposed (held to inner surface) to dura byCSF pressure 

o is extemal to the subarachnoid space, between arachnoid and pia, containing CSF, trafsrsed by strands of connectifs tissue 
(arachnoid trabeculae) 

» Contains the lumbar cistem, an enlargement of subarachnoid space between L2 (end of spinal cord) and S2 (end of durai sac) 

• Pia mater: Highlywascular innermostlavercovering roots of spinal nervss 

o Continues as the filum terminale 

° Suspends the spinal cord within the durai sac by latéral extensions between the anterior and posterior roots, called denticulate 
ligaments 


Dermatomes: a well-defined strip of skin extending from the anterior to the posterior midline, supplied by a single spinal nervs 

• Cervical supplyneckand upperlimb 

• Thoracic supply trunk (Tl also supplies upperlimb) 

• C5 abuts Tl on the superior anterior chest wall 

• Lumbar predominantlysupply anterior lower limb 

• Sacral predominantlysupply posterior lower limb 


Level 

C5 

TA 


Somatic Supply 

Clavides 

Nipples 
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T10 


Le\«l ofumbilicus 


L1 

L3/4 

S2-S4 


Inguinal ligament 
Overthe knee 
Perineum 


Dermatome levels to know: 



Levels of principal dermatome» 

CS CldVKrlc» 

C5, 6 Latéral sides of upper limbs 


Ring and lillle fingers 


iof surfaces of iosver limbs 

Médial side of gréai loe 

Latcr.il and postcrior surfaces of losvcr limbs 

Latéral margin of foot and little toc 


[Rate 159, Dermatomes] 


Vasculature of Spinal Cord and Vertébral Column 
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[Plate 167, Veins of the Vertébral Column: Vertébral Veins] 


• Anterior spinal artery 

o Is a single artery running in ventromedian fissure 

o Arising from branches of the vertébral arteries (vrith contributions from the asœnding cervical, deep cervical, intercostal, lumbar, and 
sacral arteries) 

o Supplies the anterior two thirds of the spinal cord and vertébral bodies 

• Posterior spinal arteries 

o Are paired, longitudinal arteries arising from vertébral or posterior inferior cerebellar arteries 
o Supply posterior one third of the spinal cord and vertébral bodies 

• Radicular arteries 

o Are dorsal and ventral arteries arising from asœnding cervical, deep cervical, intercostal, lumbar, and sacral arteries 
o Supplythe nerve roots (called segmentai arteries iftheyreach the anterior or posterior spinal arteries) 

• Great anterior segmentai artery (of Adamkiewicz) 

o Occurs on the left side in 65% of individuals 
o Contributes to two thirds of the circulation to the inferior spinal cord 

• Vfeins: Usually 3 anterior and 3 posterior longitudinal spinal veins with tributaries from the posterior medullary and radicular veins. They 
drain into the valveless vertébral venous plexus. 

• \&rtebral venous plexus is continuous with the cranial durai venous sinuses and contains no valves 

o Internai vertébral plexus (lying in the extradural space) drains the spinal œrd 
o Extemal vertébral plexus connects with azygos vein, superior and inferior vena œvae 


Autonomie Nervous System (ANS) 


• Sympathetic NS: catabolic System for fight orflight 
o T1-L2/3(thoracolumbar)levels 

o Presynaptic (preganglionic) neurons hâve œil bodies located in the intermediolateral œil œlumns of the spinal œrd (T1-L2 only) 
and utilize acétylcholine (Ach) as their neurotransmitter and synapse in para- or prevertebral ganglia 
o Postsynaptic (postganglionic) neurons hâve œil bodies in the paravertebral and prevertebral ganglia 

o Paravertebral ganglia linked to form right and left sympathetic chains (superior, middle and inferior cervical ganglia, T1-S5, ganglion 
o Paravertebral ganglia attached to spinal nerves bywhite (T1-L2) and grey(CI-Co) rami œmmuniœntes 
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o Long postsynaptic neurons utilize norepinephrine as ttieir neurotransmitter 

o Preusrtebral ganglia (œliac, superior, and inferiormesenteric, aorticorenal) are in plexuses surrounding the origins of the main 
branches of the abdominal aorta 

o Splanchnic nen«s are presynaptic fibers that pass through the paravertebral ganglia without synapsing to enter cardiac, pulmonary, 
esophageal, various abdominal and pelvicplexuses, where theysynapse 
o Sympathetic fibers innervate smooth muscle, modified cardiac muscle, glands, and medulla of suprarénal glands 

• Parasympathetic NS: anabolic System for homeostasis 

o S2-S4 levels and cranial nerves III, VII, IX, X(craniosacral) 

o Long presynaptic neurons (A;h) with cell bodies in the mediolateral grey matter (S2-S4) 
o Short postsynaptic neurons arising near target organs (Ati) 

o Innervation of smooth muscle, modified cardiac muscle, and glands ofthoradc, abdominal, and pelvic viscera 

• Viscéral afferent NS: provides sensoryinputfrom the bodÿs infernal environment 

» Provdes viscéral sensation 
o Can trigger both somatic and viscéral reflexes 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 
Disc Herniation 

Protrusion of the nucléus pulposus through the annulus fibrosus: 

• Ninety-five percent atthe L4/5 or L5/S1 levai 

• Usually postérolatéral herniation where annulus is thinnest 

• Herniation into the vertébral canal may compress the nerve root below the dise and cause pain in the related dermatome 

• 4ge-related déhydration of nucléus pulposus contributes to loss of height and narrowing of IVforamina 

Lumbar Spinal Stenosis 

• Narrowi ngofthevertebralcanal 

• Compression of spinal cord caused by age-related degenerativa changes such as bulging of the IVdiscs or arthritis 

• Surgirai laminectomyor removal of the entire vertébral arch may be necessaryto alleviate symptoms 


Clinical Points 

• Spinal cord development: In the fétus, the spinal cord extends down to the sacral vertebrae. fis a fétus matures, the cord shortens relative to 
the restof the body so at birth the conus medullaris reaches the L2/3 levai, and byadulthood onlyaround the levai of the L1/2 IVdisc, where 
the rauda equina begins 

• Epidural block:Aiaesthetic injected into épidural space of the sacral canal either via the sacral hiatus (caudal épidural) using the sacral 
corneae as landmarks, or via the posterior sacral fbramina (transsacral épidural). The anesthetic solution spreads superiorly to act on 
spinal nerves S2-Co. The height towhich the anesthetic ascends is affected bytheamountof solution injected and the position of the 
patient. 

• Spinal block: Introduction of an anesthetic directly into the CSF (in the subarachnoid space) utilizing a lumbar puncture (see above). Onset 
of anesthésia is rapid <1 minute (unlike épidural anesthésia thatmaytake up to 20 minutes). Subséquent leakage of CSF may cause a 
headache in some individuals. 


Mnemonics 

Memory Aids 

Dermatomes: T-ten over your belly but-ten 

L3 over the knee 
Sit on Sacral dermatomes 
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17 Muscles and Nerves 

STUDYAIMS 

fit the end of your study, you should be able to: 


• Describe the origins, insertions, major functions, and innervation of the superficial, intermediate, and deep musdes of the back 

• Identifystructures of the back as seen in transverse section 

• Understand the anatomyof the suboccipital triangle 

• Describe the typical organization of the thoradc spinal nenes 
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GUIDE 

Back and Spinal Cord: Muscles and Nerves 

The muscles ofthe back are divided into the extrinsic muscles thatconnectthe upper limb to the trunkand the intrinsic (deep ortrue) muscles that 
specifically act on the vertébral column to produce mo\ements and maintain posture. 

Extrinsic muscles of the back 

• Superficial: Trapezius, latissimus dorsi, levatorscapulae, rhomboid minorand major 

• Intermediate: Serratus posterior superior and posterior inferior (muscles of respiration) 



[Rate 168, Muscles of Back: Superficial Layers] 


Muscle 

Proximal Attachment (Origin) 

Distal Attachment 
(Insertion) 

Innervation 

Main Actions 

Trapezius 

Superior nuchal line, external occipital 
protubérance, nuchal ligament, and 
spinous processes of C7-T12 

Latéral third of 
davide, acromion, 
and spine of 
scapula 

Accessorynerve 
(cranial nerua XI) and 
C3-C4 (proprioception) 

Elevâtes, retracts, and rotâtes 
scapula; lowerfibers depress 
scapula 

Latissimus 

Spinous processes of T7-T12, 
thoracolumbarfascia, iliaccrest, and 
last3-4 ribs 

Humems 

(intertubercular 

sulcus) 

Thoracodorsal nerve 
(C6-C8) 

Extends, adducts, and 
mediallyrotates humérus 

Levator 

scapulae 

Trans\erse processes of C1-C4 

Médial border of 
scapula 

C3-C4 and dorsal 
scapular (C5) nerue 

Elevâtes scapula and tilts 
glenoid cavity inferiorly 

Rhomboid 

Mnor. nuchal ligament and spinous 
processes of C7-T1 

Major, spinous processes of T2-T5 

Médial border of 
scapula 

Dorsal scapular nene 
(C4-C5) 

Retract scapula, rotate itto 
depress glenoid cavity and fix 
scapula to thoracic wall 

Serratus 

posterior 

superior 

Ligamentum nuchae, spinous 
processes of C7-T3 

Superior aspedof 
ribs 2-4 

T1-T4 

Elevate ribs 
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Spinous processes of T11-L2 


posterior 

inferior 


Inferior aspect of 
ribs 9-12 



• Superficial: Splenius (capitus/cervicus) 

• Intermediate: Erectorspinae (saaospinalis) group-iliocostalis (lumborum/thoracis/cervicis) longissimus (thoracis/cervids/capitis), spinalis 
(thorads/cervids/capitis) 

• Deep: Transvarsospinal group-semispinalis (tboracis/cervids/capitis), multifidus, rotatores 

• Mnor deep: interspinales, intertransvarsarii, levatores costarum (brevis and longus) 


Muscle 

Proximal Attachment (Origin) 

Distal Attachment (Insertion) 

Innervation Main actions 

Superficial Layer 

Splenius 

Nuchal ligament, spinous process C7-T3 

Mastoid process of temporal bone and 
latéral third ofsuperior nuchal line 

Mddle 

Bilaterally. extend 
head 

Unilaterally. 
laterallybend (flex) 
and rotate face to 

Splenius 

Spinous process T3-T6 

Transvarse process (C1-C3) 


Bilaterally. extend 

Unilaterally. 
laterallybend (flex) 
and rotate neck 
toward same side 

Intermediate Layer 

spinae 

Posterior sacrum, iliac crest, 
sacrospinous ligament, supraspinous 
ligament, and spinous processes of lower 
lumbarand sacral vartebrae 

lliomstalis: angles of lower ribs and 
cervical transverse processes 
Longissimus: between tuberdes and 
angles of ribs, transvarse processes of 

Respectif 
spinal 
nervas of 
each 

Extend and laterally 
bend vartebral 
column and head 
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thoradc and cervical vertebrae, and 
mastoid process 

Spinalis : spinous processes of upper 
thoradc and midcervical \ertebrae 

région 


Semispinalis 

Transverse processes C4-T12 

Spinous processes of cervical and 
thoradc régions 

Respective 
spinal 
nerves of 

Extend head, neck, 
and thorax and 
rotate them to 
opposite side 

Multifidi 

Sacrum, ilium, and transverse processes 
of T1-T12, and articular processes of C4- 
C7 

Spinous processes of vertebrae above, 
spanning two to four segments 

Respective 
spinal 
nerves of 

Stabilizes spine 

Rotatores 

Transverse processes 

Lamina and transverse process or 
spine abo\e, spanning one or two 
segments 

Respective 
spinal 
nerves of 

Stabilize, extend, 
and rotate spine 


• Endoses deep musdes of the back 

• Attached mediallyto the nuchal ligament, tips of the spinous processes, supraspinous ligament, and médian line of sacrum 

• Attached laterally to the cervical and lumbar transverse processes 

• Thickened as the thoracolumbar fascia toward lumbar région and extends between the twelfth rib and the iliac crest 


Vascular supply to muscles and skin of the back 


• Arteries 

o Cervical: branches from ocdpital, ascending cervical, vertébral, and deep cervical 
o Thoracoabdominal: branches of posterior intercostals, subcostal, and lumbar 
o Pelvic: iliolumbar and latéral sacral branches of the internai iliac 

• \feins drain va the velveless vertébral venous plexus 

• Lymph 

o Neck: Drains to the anterior, latéral, and deep cervical nodes 
o Trunk: drains to axillary nodes above umbilicus and superior inguinal nodes below it 

Suboccipital région 

• Inferior to the occiput, deep to the trapezius and semispinalis capitis, overlying Cl and C2 

• Musdes 

o Rectus capitis posterior minor and major 
o Obliquus capitis superior and inferior 
o Ail laterally hex, extend, and rotate the head 
o Ail supplied by the suboœipital nerve (dorsal ramus ofCI) 

• Contains the dorsal ramiofC1-C4 

• Subocdpital triangle 

o Contains the vertébral artery suboccipital nerve and suboccipital venous plexus. 

o Bounded by rectus capitis posterior major, obliquus capitis superior and obliquus capitis inferior, floor-atlantooccipital membrane, 
roof-semispinalis capitis 


Deep Layer 

Muscle Proximal Attachment Distal Attachment Innervation Main Actions 


(Origin) (Insertion) 


Rectus capitis posterior 

Spine of axis 

Latéral inferior nuchal 

Suboccipital nerve 
(Cl) 

Extends head and rotâtes to 

Rectus capitis posterior 

Tuberde of posterior arch 
of atlas 

Médian inferior nuchal 

Suboccipital nerve 
(Cl) 

Extends head 

Obliquus capitis 
superior 

Transverse process of 

Ocdpital bone 

Suboccipital nerve 
(Cl) 

Extend head and bend it laterally 

Obliquus capitis inferior 

Spine of axis 

Atlas transverse 

Suboccipital nerve 
(Cl) 

Rotâtes atlas to tum face to 


Branches of spinal nerves 

• \fentral rami innervetethe musdes and overlying skin ofthe anterior thoradc, abdominal and pelvic wall and contributeto 

o Cervical plexus [C1-C4] (see: Head and Neck) 
o Brachial plexus [C5-T1] (see: UpperLimb) 
o Thoradc intercostal nerves (see also: Thorax) 

» Lumbar plexus (T12-L4] (see: Pelvis and Perineum and Lower Limb) 
o Sacral plexus [L4-S5] (see: Lower Limb) 

• Dorsal rami 

o Cl : Suboccipital nerve-pierces the atlantooccipital membrane and is motor to the subocdpital musdes 
o C2: Greater occipital nerve-passes inferior to OCI and is sensoryto skin over neck and ocdpital bone 
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o C3-Co: Segmentallyinnervate the intrinsic muscles ofthe back and overiying skin 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


• Back pain:A\erycommon, usually self-limiting complaint, often affecting the lumbar région ("lowback pain"). Radiation to backof the thigh 
and into the leg (sciatica) or focal neurology suggests radiculopathy. Disturbance of bladder/bowel function should prompt urgent 
intervention. 

• Back strain: Stretching and microscopie tearing of muscle fibres or ligaments, often because of a sport-related injury The muscles 
subsequently go into spasm as a protective response causing pain and interfering with function. This is a common cause of low back pain. 

• Whiplash: Cervical muscle and/or ligament strain because oftbrceful hyperextension of the neck. Frequentlycaused byimpacts fforn the 
rear in motor \ehicle accidents. May cause hemiation of the IVdisc and subséquent radiculopathy. 

Mnemonics 

Memory Aids 
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Thorax 


18 Topographie Anatomy 

STUDYAIMS 

At the end of your study, you should be able to: 

• Identifythe major features of tbe surface anatomy ofthe chestwall 

• Identifythe location ofthe stemodavicular and manubriostemal joints 

• Knowthe types ofthese joints 

• Palpate the sternum and its parts 
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GUIDES 

Thorax: Topographie Anatomy 



C/faft*- 
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Thyrotd cartilage 


Cricoid cartilage 
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[Plate 207, Radiograph of Chest] 
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Sériés of chesl axial CT images from superic 



Descending aorta 

[Plate 235, Chest Scans: Axial CT Images] 













Transverse Section: Level ofT7, 3rd Interchondral Space 




[Plate 532, Key Figures to Cross Sections] 


• The thoraxlies between the neckand the abdomen and lies within a cage fonned bythe vertebrae, the ribs, the sternum, the costal 
cartilages, and their attached muscles. The thoradc cage protects the contents of the thorax, whereas the muscles assist in breathing. 

• It is important to identifyand count ribs as theyfomn key landmarks to the positions of the internai organs. 

• In a fit muscular person one can identify a number of landmarks : 

o Jugular (suprastemal) notch: atthe le\el of the inferior border of the 12 \ertebra 

o Sternal angle (manubriostemal join): atthe le\el of the T4/5 intervertébral dise and where the second costal cartilages articulate with 
the sternum. 

o Manubrium: The left brachiocephalic vein njns beneath the manubrium from the upper left to lower right, where it joins the right 
brachiocephalic \Æin to forni the supetior vena cava 
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o Bodyofthe sternum:Aiterior to the T5 through T9 ysrtebrae and the right border ofthe heart 

o Nipple: Aiterior to the 4th intercostal space in males and the dôme of the right hemidiaphragm; sits on the pectoralis major muscle 
o Xiphoid process:Atthe le\el of the T10 uartebra 
o The costal margins: Comprises the 7th through lOth costal cartilages 

• On yaurself, palpate the following: 

o The sternodavicular joints, latéral to the jugular notch 
o The sternum and its parts: manubrium, body, and xiphoid process 
o The manubriosternal joint (sternal angle) 

o The second pairof ribs on eitherside of the sternal angle-the surface landmarkfor rib counting 

• Surface lines can be drawn to identify régions of the thorax 

o Imaginaryperpendicular lines passing through the midpointof each davide are called the middavicular lines. 
o Mdaxillary lines are perpendicular lines through the apex of the axilla on both sides 

• Cephalic vein can be seen in some subjects lying in the deltopedoral groowa between the deltoid and pedoralis major muscles. 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 

• The sternum can be divided to gain access to the thoradc cavity for surgirai operations. This is ralled a médian stemotomy 

• The middle ribs are most commonlyffactured, and multiple rib fractures can manifest as a "flail chest," where the injured région of the chest 
wall mo\es paradoxirally thatis, in on inspiration and outon expiration. 
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19 Mammary Gland 

STUDYAIMS 

fit the end of your study, you should be able to: 

• Identifythemammarygland 

• Identifythe location of the gland 

• Locate the blood supply of the breast 

• Understand the lymphatic drainage of the breast 

• Knowhow topai pâte the breast 


138/425 



GUIDES 

Thorax: Mammary Gland 



• Consiste of glandular tissue in which the majority is embedded within the tela subcutanea (superfidal fascia) of the anterior chest wall 
oyerlying the pectoral muscles. 

• The glands are rudimentary in males and immature females. 

• Size and shape of the adultfemale breast varies; the size is determined bythe amount offat surrounding the glandular tissue. 

• The base of the breast is fairly consistent extending from the latéral border of the sternum to the midaxillary line and from the 2nd to the 6th 

• The majority of the breast overlies the deep pectoral fascia of the pectoralis major muscle, with the remainder overlyng the fascia of the 
serratus anterior. 

• The breast is separated from the pectoralis major muscle bythe retromammary space, a potential space filled with loose connective tissue. 

• The breast is firmlyattached to the owerlying skin by condensation of connective tissue called the suspensory ligaments (of Cooper), which 
help to support the lobules of the breast. 

• Asmall part of the mammary gland mayextend toward the axilla, called the axillarytail (of Spence). 


Structure of the Breast 

• For descriptive purposes, the breast is divided into four quadrants: upper and lower latéral, and upper and lower médial. 

• The most prominent feature of the breast is the nipple. 

• The nipple is surrounded bythe areola, a circular pigmented area of skin. 

• The areola is pink in Caucasians and brown in African and/teian people. 

• The pigmentation of the areola increases during pregnancy 

• The areola contains sebaceous glands, fbllowing a pregnancy these secrete an oily substance to protect the motheris nipple from irritation 
during nursing. 

• The breast is composed of 15 to 20 lobules of glandular tissue, formed bythe septa of the suspensory ligaments. 

• The mammary glands are modified sweat glands that are formed from the development of milk-secreting alveoli, arranged in clustBrs. 

• Each lobule is drained bya lactiferous duct 

• Each lactiferous duct opens on the nipple. 
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Vasculature of the Breast 


• Blood supplyof the breast arises from the perlbrating branches and anterior intercostal branches of the internai thoracic artery 

• The breast is also supplied by the branches of the thoracoacromial and latéral thoracic arteries (ffom the axillary artery). 

• \fenous drainage parallels the arterial supplyand is mainlyto the axillary arteryand internai thoracic vein. 


Lymphatic Drainage of the Breast 



• Lymph from the nipple, areola, and lobules of the mammary glands drains to a subareolar lymphatic plexus. 

• From there, a System of interconnecting lymphatic channels drains lymph to various lymph nodes. 

• The majority of the lymph, especiallyfrom the latéral quadrants of the breast, drains to the pectoral nodes, and from there to the axillary 

• The remaining amountof lymph, especiallyfrom the médial quadrants ofthe breast, drains intothe parasternal lynph nodes along the 
internai thoracic wassels. 

• Some lymph from the lower quadrants ofthe breast passes to the inferior phrenic nodes. 

• It is important to note that lymph from the médial quadrants can cross to the opposite breast 

• Thus secondary métastasés of breast carcinoma can spread to the opposite breast in this way 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 

Examination of the Breast 

• Clinicallythe breast is divided into quadrants: 

o Ul: upper inner 

o UO: upperouter (indudes axillarytail) 
o Ll: lower inner 
o LQ lower outer 

• The breast is palpated in a drcularfashion, beginning with the nipple and moving outward. The palpation should extend into the axilla to 
palpate the axillarytails. 

• /'fier palpation of one breast, the other should be palpated in the same way 

• Examine the skin of the breast for a change in texture or dimpling (peau d’orange sign) and the nipple for retraction, since these signs may 
indicate an underlying pathology 

Pathologyof the Breast 

• Rbroadenoma: benign tumor, usuallya solid and solitary mass that moves easily under the skin. Often painless although sometimes 
tender on palpation. More common in young women but can occur at anyâge. 

• Intraductal carcinoma or breast cancer: the commonesttype of malignancyin women but can also occur in men./'pproximately50% of 
cancers deuslop in the upper quadrant of the breast; métastasés from these cancers often spread to the axillary lymph nodes. This 
malignancy présents as a palpable mass that is hard, immobile and sometimes painful. Atditional signs can indude bloodyor watery 
nipple discharge if the largerduds are inwlwsd. 

• Gynecomastia: enlargementofthe breasts in males because of aging, drug treatment, and changes in the metabolism of sex hormones by 
the liusr. 
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20 Body Wàll 

STUDYAIMS 

At the end of your study, you should be able to: 


• Identifymusdes oftheanteriorchestwall and knowtheirattachments, actions, and innervation 

• Identifythe intercostal muscles 

• Identifythe ribs and their parts 

• Countribs 

• Understand the organization of a typical intercostal space and clinical significance of its contents 
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GUIDES 

Thorax-Body Wall Organization 



First and second layers 

• Skin 

• Tela subcutanea (superficial fascia), induding the breasts 

Third layer-muscles moving the upper limb 

• pectoralis major 

• pectoralis minor 

• serratus anterior 


Fourth tayer-inctudes muscles of the chest wall 


• Ribs 

• Intercostal musdes 

» Extemal intercostal musdes 
o Internai intercostal musdes 
o Innermost intercostal musdes 


Intercostal muscles 
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• These muscles are arranged in three layers. 

• External intercostal muscles: 

» Haws libers thatslopedown and medially 

o Extend from the posteriortuberde of tbe rib to the junclion of the rib and its costal cartilage anteriorly 
o Anteriorly, are replaced by external intercostal membranes that extend from the costochondral junctions to the sternum. 

• Internai intercostal muscles: 

o Lie internai to the external intercostal muscles 

o Theirfibers lie at right angles to those of the external intercostal muscles and run inferiorly and laterally 
o Anteriorly extend to the latéral border of the sternum. 

o Posteriorly extend onlyto the angles of the ribs; médial to the angles, are replaced bythe internai intercostal membranes. 

• Innermost intercostal muscles 

o Lie deep to the internai intercostal muscles 

o Are separated from the internai intercostals bythe intercostal vessels and nerves 
o Occupythe middle parts of the intercostal spaces 
o Connect inner surfaces of adjacent ribs 

• Ail intercostal musdes are supplied by intercostal nenes corresponding in numberto their intercostal space. 

• Main action of the intercostals is to maintain the space between the ribs during inspiration and expiration. 

• Other musdes ofthe rib cage 

o Subcostal musdes-intemal to the internai intercostals, cross from the angle of one rib to internai surface ofthe rib 1 to 2 spaces 

o Transversus thoracis-4 to 5 slips of muscle that attach to the xiphoid process and inferior sternum and pass superiorly and laterally 
to attach to the 2nd through 6th costal cartilages. 


Muscle 

Superior 

Attachment 

(Origin) 

Inferior 

Attachment 

(Insertion) 

Innervation Blood Supply 

Main Actions 

External 

intercostal 

Inferior border 
ofrib 

Superior border 
ofrib below 

Intercostal 

Aorta, posterior intercostals and their collaterals, 
costocervical trunk, anterior intercostals of internai 
thoradc and musculophrenic arteries 

Eleva te ribs 

Internai 

Inferior border 

Superior border 

Intercostal 

Anterior intercostals, posterior intercostals, 

Elevate ribs (upper 
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intercostal 

ofrib 

ofrib below 

nene 

musculophrenicarteryand costocervical trunk 

four and five); 
others depress 

Innermost 

intercostal 

Inferior border 

Superior border 
ofrib below 

Intercostal 

Posterior intercostals and collaterals 

Adsimilarto 

internai 

intercostals 

Transversus 

Internai surface 
of costal 
cartilages 2-6 

Posterior 
surface of lower 
sternum 

Intercostal 

Anterior intercostals, internai thoracic artery 

Depress ribs and 
costal cartilages 

Subcostal 

Internai surface 
oflowerribnear 
their angles 

Superior 
borders of 
second orthird 
ribs below 

Intercostal 

Posterior artery, musculophrenic artery 

Depress ribs 

Levator 

costarum 

Transverse 
processes of 
C7andT1-T11 

Subjacent ribs 
between 
tuberde and 

rami of 
C8-T11 

Posterior intercostals 

Elevate ribs 


Intercostal nerves 



« Each intercostal nerve divides to gi\e a latéral cutaneous branch near the midaxillary line 

> Anterior cutaneous branches inneruate the skin on the anterior abdomen and thoraxand divide into médial and latéral branches. 

> Mjscular branches supplythe intercostal, levatores costarum, transversus thoracis, and serratus posterior muscles. 

» The lowerfive intercostal nernes supplythe skin and muscles of the abdominal wall 

> Contain general somatic afferent and efferent fi bers, as well as general viscéral efferent fibers from the sympathetic trunk via white and grey 
rami communicantes and general viscéral afferent fi bers. 
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• Ail ribs contain bone marrow. 

• Ribs 1 through 7 are vertebrocostal because they attach to the sternum via a costal cartilage. 

• Ribs 8 through 10 are vertebrochondral because their cartilages are joined to the cartilage of the rib above and via that connection to the 
sternum. 

• Ribs 11 and 12 are free orfloating ribs, which do notconnecteusn indirectlywith the sternum but which ha\e a costal cartilage on theirtips. 

• First rib is broad and sharplycuned and has a tuberde of the attachmentof scalene musdes. 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


Important Vertébral Landmarks 

• Spine of the scapula T2: 

• Sternal angle (of Louis); le\el of the bifurcation of trachea, arch T4/T5: of aorta 

• Level ofthe heartT5-T8: 

• Arrtic hiatus ofthe diaphragm; also transmits the thoradc duct T12: 

• Esophageal hiatus ofthe diaphragm; also transmits the rightand leftT10:\agal trunks, esophageal branches of leftgastricvessels and 
lymphatics 

• Caval opening ofthe diaphragm; also terminal branches ofthe rightT8: phrenic nervs 

Thoracocentesis 

• Thoracocentesis is the insertion of a needle into the pleural cavityto withdraw a sample of fluid or blood. To avoid damage to the intercostal 
vein, artery and nervsthatrun in the costal grooveon the inferior surface ofeach rib, the needle is inserted well belowtherib. The needle 
also must be placed sufficiently above the rib below to avoid the collateral branches of intercostal nerve and usssels that run along the 
superior surface ofeach rib. 

Importance of Certain Intercostal Spaces 

• Second intercostal space atthe middavicularline: Insertion oftubeforan apical pneumothorax(thoracostomy) 

• Fourth to 6th intercostal space atthe midaxillaryline: Insertion ofchest drains for a hemothorax (thoracostomy) 

• Left5th intercostal space: apexbeatofthe heartand this is shifted in heartenlargement 

Cervical Ribs 

• Cervical ribs arenotcommon (less than 1%of ali persons). Theyarticulate with the C7vertebra, but do notattachto the sternum. Theymay 
fuse with the first rib. If a cervical rib is présent, however, it may compress the subdavian artery or inferior trunk ofthe brachial plexus and 
cause ischémie pain and numbness in the shoulder and upper limb. This condition is called thoracic outlet syndrome. 

Bone Marrow Biopsy and Aspiration. 

• Bone marrow aspiration and biopsy help diagnose many blood disorders and can be used to detect if cancer has spread to the bone 
marrow. 

o Bone marrow biopsy The removal of bone and marrow for examination under the microscope. The sternum is a site of red marrow, 
eœn in adulthood, and is a good site for a bone marrow biopsy Aïother common site is the posterior iliac crest. Abiopsy is usually 
conducted before performing a bone marrow aspiration. 

o Bone marrow aspiration: The removal of a small amountof bone marrow fluid through a needle inserted into the bone. Fluid is 
examined to détermine if there are any problems with the blood cells made in the bone marrow 


Mnemonics 

Memory Aids 

\fertical order ofthe contents ofthe neurovascular bundle in the costal groove on the lower border ofeach rib: 
VAN Vein, Artery Nerve. 
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21 Lungs 

STUDYAIMS 

At the end of your study, you should be able to: 

• Understand the relationship of the pleural cavities to the mediastinum 

• Identifythe pleurae and the parts of the pariétal pleura 

• Understand the anatomyof the lungs 

• Know the segments of the lungs 

• Understand vasculature and innervation of the lungs and the pleurae 
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GUIDES 

Thorax: Lungs 



• Thoraciccavityhas 

o two latéral pleural cavities, containing the lungs and pleurae 
o a central compartiment, the mediastinum, containing ail the otherthoradc structures 

• Each lung is surrounded by, and couared with, a continuous membrane, which is defined as 

» the viscéral pleura, which covers the lungs and cannot be dissected from the lung 
o the pariétal pleura, which Unes the pleural cavities 

• The viscéral and pariétal pleura are continuous atthe hilum of the lung where structures enter and leave the lung (bronchus, pulmonary 
vessels, bronchial vessels, lymphatics) 

• The pariétal pleura has four named parts: 

° Costal pleura lining the internai surface of the thoracic wall 
o Médiastinal pleura covering the sides of the mediastinum 

o Diaphragmatic pleura covering the superior surface ofthe dôme of each hemidiaphragm 
° Cervical pleura-a dôme of pleura extending superiorly into the superior thoracic aperture 

• Viscéral pleura does not hâve anygeneral sensory innervation and is insensitive to pain 

• The pariétal pleura is very sensitive to pain because of its sensory supply by branches ofthe intercostal and phrenic nenes 

• The pleural cavityis the potential space between the pariétal and viscéral pleura. 

o The pleural cavitycontains a thin layer of serous pleural fluid, which lubricates and allows the pleurae to move smoothly over each 
otherduring respiration. 

o Surface tension keeps the lung surface in contact with the thoracic wall. 
o The lung expands and fills with air when the thoracic cavàtyexpands. 


Lines of pleural reflection 
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• Lines of pleural reflection are Unes along which the pariétal pleura changes directions from one wall to another. 

o The sternal line of pleural reflection is the Sharp line along which the costal pleura becomes the médiastinal pleura 
o The costal line of pleural reflection is the Sharp line along which the costal pleura becomes the diaphragmatic pleura 
o The vertébral line of pleural reflection is a smooth reflection of the costal pleura onto the \ertebrae posteriorly. 

• The Unes of pleural reflection on the leftside can be remembered as 4-6-8-10-12. 

o The line of pleural reflection on the left descends in the midline of the sternum to the 4th costal cartilage, where it deviates to the left 
margin of the sternum at the 6th costal cartilage to accommodate the pericardium and the heart (cardiac notch). 
o This line then deviates to cross the 8th rib at the middavicular line, 
o Itérasses the lOth rib at the midaxillaryline 
« It then crosses the 12th rib at approximately the neck. 

• On the rightside, the line of pleural reflection descends atthe midline of the sternum to the xiphoid process, and then deviates 8-10-12. 

• The lungs do notfullyoccupythe pleural cavities during expiration 

• There are peripheral areas where the diaphragmatic and costal pleura corne in contact and these are called the costodiaphragmatic 
recesses. 

• There are areas posterior to the sternum where the costal and médiastinal pleura corne in contact with each other, and these are called 
costomediastinal recesses. 

• The costomediastinal recess is larger on the left, because of the cardiac notch. 

• During expiration, the lower limit of the lungs is two costal spaces above the line of pleural reflection: 

o 6-8-10: the sixth rib atthe middavicular line, the 8th rib atthe midaxillaryline, and the lOth rib atthe neck. 
o Thus the costodiaphragmatic recess is approximatelytwo costal spaces deep. 





• Organs of respiration 

• Light, soft and elastic 

• The right lung is larger than the left and has three lobes: 

o Superior or upper 
o Mddle 
o Inferior or lower 

• The left lung has two lobes 

o Superior or upper 
o Inferior or lower 
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• Fissures divide the lungs into lobes 

o Each lung has an oblique fissure, separating the upper lobe from the lower lobe on the left and the upper and middle lobes from the 
lower lobe on the right 

o The right lung has a horizontal fissure, separating the middle lobe from the upper lobe on the right 

• The oblique fissure runs from the 2nd thoradc vsrtebra posterioriyto the 6th costal cartilage anteriorly or along the médial border of the 
scapula when the arm is raised above the head. 

• The horizontal fissure runs from the oblique fissure at the midaxillary line along the 4th rib to its costal cartilage anteriorly. 

• The anterior margin of the left lung has an indentation-the cardiac notch, which often créâtes a thin process in the upper lobe called the 
lingula. 

• Each lung has three surfaces: 

o Costal 
o Médiastinal 
o Diaphragmatic 

• Each lung is connected to the mediastinum by the root of the lung. 

• Lung root contains: 

o Main stem or lobarbronchi 
o Pulmonaryvessels and bronchi. 
o Bronchial vessels, lymphatics, and autonomie nerves. 

• The lung root is surrounded by a pleural sleeve, from which extends the pulmonary ligament inferioriy 

• The pulmonary ligament 


Bronchopulmonary segments 

• The trachea bifurcates into two main stem bronchi, right and left, atthe level of the T4/5 intervertébral dise (also the sternal angle of Louis). 

• The carina is the keel-like ridge between the two openings of the main stem bronchi. 

• The right main stem bronchus divides into upper and lower lobar bronchi before reaching the substance of the right lung. 

• The main bronchi branch to fbmn the bronchial tree. 

• There are three lobar bronchi on the right: upper, middle, and lower 

• There are two lobar bronchi on the left: upper and lower 

• Each lobar bronchus branches into segmentai bronchi that supply a bronchopulmonary segment. 

• Abronchopulmonarysegment 

o Is a pyramidallyshaped section of the lung with its base covered by viscéral pleura 
o Is separated from adjacent segments by connective tissue septa 
o Is names for the segmentai bronchus that supplies it 
o Has its own bronchus and segmentai branch of the pulmonary artery 

• Each bronchopulmonary segment can be surgicallyresected, independentof adjacent segments 

• The right lung has 10 bronchopulmonarysegments 

o Upper lobe: Apical 

■ Anterior 

■ Posterior 

° Mddle lobe: Médial 

o Lower lobe: Superior 

■ Anterior basal 

■ Posterior basal 

■ Médial basal 

■ Latéral basal 

• The left lobe has 8 to 10 bronchopulmonarysegments 

o Upper lobe: Apical (maybe corn bined with posterior totbrm apicoposterior) 

■ Posterior 

■ Anterior 

■ Superior lingular 

■ Inferior lingular 
o Lower lobe: Superior 

■ Anterior basal (maybe combined with médial to fiarm anteromedial basal) 

■ Médial basal 

■ Latéral basal 

■ Posterior basal 

• The right main stem bronchus is wider and shorter than the left one and descends in a more vertical plane, so aspirated foreign objects are 
more likely to lodge in it or one of its branches 

• Because the posterior segmentai bronchus of the right lower lobe runs directly posterior, foreign objects that are inhaled when the person is 
lying down, such as tbod, mayend up in this segmentai bronchus. 


Vasculature of the lungs 
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• Each lung is supplied bya pulmonary artery, which carries unoxygenated blood from the pulmonarytrunkfrom the right ventride of the heart. 

• Each pulmonary artery givss rise to lobar and segmentai arteries. 

• Intrasegmental vains drain to intersegmental veins in the pulmonary septa, which run a separate course from the pulmonary and 
segmentai arteries and which drain to two pulmonary veins for each lung. 

• Pulmonary veins carry o^genated blood to the left atrium of the heart. 

• Bronchial arteries from the thoradc aorta carryoxygenated blood to the tissue of the lungs, tra\eling along the posterior surface of the 
bronchi. 

• The left bronchial arteries corne from the thoradc aorta; the single right bronchial artery may also arise from the superior posterior 
intercostal or a left superior bronchial artery. 

• The bronchial arteries anastomose with branches of the pulmonary arteries. 

• Pulmonary veins drain the blood to the lungs supplied bythe bronchial veins and empty into the azygos and accessory hemiazygos veins. 

• The lungs ha\e a rich, freely connecting network of lymphatic vessels. 

• Lymph from the lungs drains to 

o Pulmonary lymph nodes (along the lobar bronchi) 
o Bronchopulmonary lymph nodes (along the main stem bronchi) 

o Superior and inferior tracheobronchial lymph nodes (superior and inferior to the bifurcation of the trachea) 


Innervation of the lungs 

• Innervation is via the pulmonary plexuses located anteriorand posterior to the lung roots. 

• The plexuses contain postganglionic sympathetic fibers from the sympathetic trunks that innervate the smooth musde of the bronchial tree, 
pulmonary vessels, and glands of the bronchial tree. 

• Sympathetic fibers are bronchodilators, vasoconstrictors, and inhibit glandular sécrétion. 

• The plexuses contain preganglionic parasympathetic fibers from the vagus nerve (CN X), small parasympathetic ganglia, and 
postganglionic parasympathetic nerves that innervate the smooth muscle of the bronchial tree, pulmonary vessels, and glands of the 
bronchial tree. 

• Parasympathetic fibers are bronchoconstrictors, vasodilators, and secretomotorto the glands. 

• Viscéral afferent libers carry information involved in cough reflexas, stretch réception, blood pressure, chemoreception, and nociception 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


• Diseases such as tuberculosis and sarcoidosis and lymphoma cause hilar lymphadenopathythat is visible in chest radiographs. 

• Pneumonia: a bacterial or viral infection ofthe lung thatcan lead to widespread systemic infection and lung collapse. Pneumonia is 
frequentlyconfined to a single lobe of one lung and is called lobar pneumonia. It can be dearly seen drcumscribed to one lobe in a chest 
radiograph. 

• The entryof air into a pleural cavity because of a penetrating wound or a fractured rib is called a pneumothorax and results in partial or total 
collapse ofthe lung. 

• The escape of fluid into the pleural cavity (pleural effusion) is called hydrothorax; if the fluid is blood, the condition is known as a 
hemothorax, and if it is chyle from the thoradc duct, it is called a chylothorax 

• Inflammation ofthe pleurae is called pleuritis or pleurisy resulting friction between the two pleurae (pleural rub) is \erypainful and can be 
heard with a stéthoscope. 

• The inflamed pleurae may adhéré to each other (pleural adhesion) 

• Squamous cell oroatcell cardnoma is acommon cancer ofthe lung, usuallycaused by smoking, thatmaybe indicated bya persistent 
cough orspitting of blood (hemoptysis). 


Mnemonics 

Memory Aids 

Let's play the violin: L = lung pleura, P = pariétal V = viscéral 

3 Ps: Pariétal Pleura innervated by the Phrenic nerve 

Victor has no sensation: Viscéral pleura has no sensory innervation 

Causes of hilar Lymphadenopathy: Tell Some Lies: Tuberculosis, Sarcoidosis, Lymphoma 

Bronchopulmonarysegments: Apes And Possums Might Light LAMPS: (Upper lobe: Apical, Anterior, Posterior; Mddle lobe: Médial and Latéral; 
Lower lobe: Latéral, Anterior, Médial, Posterior, Superior) 
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22 Heart 

STUDYAIMS 

fit the end of your study, you should be able to: 


• Identifythe pericardium and its relationships 

• Know the lasers of the pericardium 

• Understand the surface projection of the heart and its chambers 

• Know the internai features of the atria and wantrides 

• Understand coronarydrculation 

• Know the innervation and conduction s>stem of the heart 
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GUIDES 

Thorax: Heart 
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[Plate 206, Heart: Anterior Expos ure] 


Pericardium 
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[Plate 209, Pericardial Sac] 


• The pericardium is a double-laysred sac that encloses the heartand the roots ofthe great \essels. 

• The fibrous outer la^er of the pericardium (the fibrous pericardium) consists of dense connective tissue. 

• The fibrous pericardium is attached to the central tendon of the diaphragm by the pericardiacophrenic ligament. 

o It blends with the tunica aduentitia of the vessels entering and leaving the heart. 

» It has ligamentous attachments to the sternum 

o It is thus affected by mowements of the heart, the great vessels, the sternum, and the diaphragm. 
o It protects the heart against overfilling because it is fibrous and unyielding 

• The inner layer of the pericardium is a serous membrane that lines the fibrous pericardium: the serous pericardium, also called the pariétal 
pericardium. 

• The serous pericardium is a mésothélial layer that reflects onto the roots of the great vessels and is continuous over the extemal surface of 
the heart, where it is called the epicardium or viscéral pericardium. 

• Between the serous pericardium (pariétal pericardium) and the epicardium (viscéral pericardium) is a potential space: the pericardial cavity 

• The pericardial cavitynormallycontains a thin film of fluid thatallows the two layers to move o\er each other without friction or rubbing. 

• There are two sinuses within the pericardial cavity the transverse sinus and the oblique sinus. 

o The transmise pericardial sinus runs transverselyin the pericardial sac between the origins ofthe great vessels: posteriorto the 
ascending aorta and pulmonary trunk and anterior to the superior vena cava. 
o The oblique pericardial sinus is a wide recess in the posterior wall ofthe pericardial sac bounded laterallybythe entrances ofthe 
pulmonaryveins and inferiorty bythe orifice ofthe inferiorvena cava. 

• Blood supplyto the laysrs ofthe pericardium is mainlyfrom the pericardiacophrenic vessels, from the internai thoradc arteries and \eins. 

• The nerve supplyto the pericardium is from the phrenic nerves, primarilysensorytibers for pain, and the sympathetic trunks (vasomotor). 


Heart 


• The heart is a muscular pumpforthe propulsion of blood to ail parts ofthe body 

• The right side ofthe heart receives poorly oxygenated blood from the superior and inferior \ena cava and pumps it to the lungs for 
o^genation. 

• The left side ofthe heart receives oxygenated blood from the lungs via the pulmonaryveins and pumps it to the body via the aorta and its 
branches. 

• The heart consists of four chambers: the right and left atria and the right and left ventrides. 

• The chambers ofthe heart hâve walls that consist of three layers: 
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o Endocardium: internai layer of endothélium and connectif tissue 
o IV^Dcardium: the middle, thick muscular layer of the heart 
o Epicardium, or viscéral pericardium 

• The fibrous skeleton of the heart is a framework of dense collagen that encirdes the orifices of the four valves (pulmonary aortic, tricuspid 
and mitral). 

• The functions of the fibrous skeleton are: 

o Main tains the patencyof the atrioventricular values 

o Prowdes a fixed site for the attachmentofthe leaflets and cusps of the \al\es 
o Provides a fixed site for the attachments of the cardiac muscle libers 
o Insulates the atria from the ventricles so that theycan contract independently 

• The cardiac cycle consists of 

o Relaxation of the wentrides (diastole) Ibllowed by 
« Contraction of the \entricles (diastole) 

• Heart sounds heard with a stéthoscope: 

o "lub"-blood from the atria fills the ventrides 
o "dub"-ventrides contract and push blood outof the heart 


Orientation of the Heart: Border and Surfaces 



Bave* of heart: posterior view 



• The heart lies obliquely between the 3rd and the 5th ribs, mainlyon the leftsideofthe midline of the thorax, but with roughlya third of it 
slightlyto the right. 

• The base ofthe heart is its posterior surface, which is the left atrium. 

• The apex ofthe heart is fbrmed from the most inferior and latéral part ofthe left ventride and lies beneath the left 5th intercostal space at 
approximately the middavicular line. 

• Right border: the right atrium between the superior and inferior vena cavae 

• Left border: left auride and left \entride 

• Inferior border: mainly right usntride with some contribution from the left\«ntride 

• Superior border (anterior view): right and left atria and their aurides 
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• Anterior (stemocostal): right usntride 

• Diaphragmatic(inferior): mainlybythe left ventride with some contribution bythe right usntride 

• Pulmonarysurface (left, filling the cardiac impression in the left lung): left wsntride 

Chambers of the Heart 
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Right atrium 

• The posterior wall of the right atrium is smooth (sinus venarum) and contains the orifices of the superior vena cava and coronarysinus. 

• The anterior wall is ridged with the pectinate muscles. 

• The smooth and rough parts of the right atrium are separated intemally bya smooth ridge, the crista terminalis, which présents extemally 
as shallow groove, the sulcus terminalis. 

• The superior vena cave opens intothesuperioraspectoftherightatrium. 

• The inferior vena cave opens into the inferior part, in a direct line with the superior vena cave. 

• Ai interatrial septum séparâtes the right and left atria. 

• Ai oval dépréssion in the interatrial septum, the fossa oyalis, represents the fêtai foramen ovale and its valve. 

• Arightatrioventricular (A/) orifice opens into the right ventricie 


Right ventricie 

• The right ventricie is situated in front and to the left of the right A/orifice. 

• The interior has prominent muscular ridges, the trabeculae carnea. 

• The tricuspid valve or rightAVvalve usuallyconsists of three leaflets. 

o The bases of the leaflets orcusps are attached to the fibrous ring around the orifice. 

o The free edge of each leaflet is attached to two ofthe three papillary muscles bytendinous cords (chordae tendinea). 

• The papillary muscles are three in number: septal, anterior and posterior. 

• These muscles contract before the ventricie itself contracts, tightening the chordae tendinea and drawing the cusps ofthe valve together to 
pre\ent backflow of blood into the right atrium. 

• The septomarginal trabecula, or moderator band, is a free band of muscle extending from the interventricular septum to the anterior wall of 
the ventricie, and it contains Purkinje libers from the right bundle branch (see conducting System). 

• The outflow tract of the ventricie is separated from the inflow tract by a smooth crest, the supraventricular crest. 

• The outflow tract, or conus arteriosus, is smooth walled and leads to the pulmonary trunk and the valve that guards its orifice, the pulmonary 

• The pulmonaryvalve has three cusps, which open like pockets to catch regurgitated blood during ventricular diastole 


Left Atrium 
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• The leftatriumformsthe base oftheheart. 

• It has a smooth walled portion from the dev=lopmental incorporation of a portion ofthe pulmonary veins and an auricularappendage which 
is ridged with pectinate muscles and which was the primitive left atrium. 

• Four pulmonaryveins emptyinto the left atrium. 

• The interatrial septum is nearlytransverse, sloping posteriorlyand to the right 

• The left atrioventricular orifice leads to the left ventride. 


Left Ventride 


• The left ventride is nearly twice as thick as the right ventride, since it performs more work to drculate blood to the body 

• It has a conical cavity the apex of which is the apex ofthe heart. 

• Its walls are lined with trabeculae camea, which are more numerous and not as massive as the ones in the right ventride. 

• It contains onlytwo papillary muscles, anterior and posterior, which both attach to the two leaflets ofthe left atrioventricular, or mitral, valve via 
chordae tendinea. 

• These musdes contract before the ventride itself contracts, tightening the chordae tendinea and drawing the cusps ofthe valve together to 
prevent backflow of blood into the left atrium. 

• The aortic orifice is located posteriorlyand superiorlyand, like the pulmonary orifice, is surrounded bya fibrous ring to which the three 
cusps ofthe aortic valve are attached. 

• The aortic valve has three cusps, which open like pockets to catch blood that backflows from the aorta during ventricular diastole. 

• There are dilations in the wall ofthe aorta beneath each cusp: the aortic sinuses. 

• The right coronaryarteryoriginates in the right aortic sinus, while the leftcoronaryarteryoriginates in the left aortic sinus. 


Coronary Circulation 
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[Plate 212, Coronary Arteries: Artériographie Views] 
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! right and left coronary arteries, the first branches of the aorta. 
lorticsinuses, just distal tothe origin ofthe aortic valve. 

[ een the leftauride and the pulmonarytrunk. Its main branches are 

aches the posterior surface ofthe heart by tra\eling in the atrioventricular groo\e around the left side of 


■ In slightlyless than half of ail people, a sinoatrial (SA) nodal branch from the circumflexbranch will supplythe SAnode. 
o An anterior intenentricular branch (left anterior descending artery or LAD), which descends in the anterior intenentricular groo\e to 
the apex ofthe heart and then anastomoses with the posterior intenentricular artery 

• The right coronary artery runs in the atrioventricular groove to the right and around to the posterior surface ofthe heart. It gi\es rise to 

o The SAnodal branch near its origin (in most people) 
o Aright marginal branch to the right margin ofthe heart 

o An A/nodal branch to the atrioventricular node, as the junction ofthe septa and four chambers ofthe heart on the posterior side of 
the heart 

o Aposterior interventricular branch that runs in the posterior intenentricular groo\e. 

• The left coronaryarterysupplies 

o Left atrium 
» Most of left \entricle 
o Some ofthe right \entricle 
o Intenentricular septum 
o SAnode (40% of people) 

• The right coronaryarterysupplies 

o Right atrium 
o Most of right \entricle 
o Diaphragmatic surface of left \entricle 
o Some ofthe interatrial and intenentricular septa 
o SAnode (60% of people) 
o AV node 


Veins 
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• The coronarysinus is a wide \ein that runs transverselyacross the posterior surface of the heart in the coronary groo\e. 

• The coronarysinus receivss blood from 

» The great cardiacvein that ascends in the anterior intenentricular groo\e and enters the coronarysinus at its leftend 
o The middle cardiac vein (posterior intenentricular \ein) that ascends in the posterior interventricular groo\e and enters the coronary 
sinus at its rightend 
° Small cardiac veins 
o Left marginal vein 
o Left posterior ventricular\ein(s) 

• Avterior cardiac veins that enter the right atrium directly 

• Vfenae cordial minimae (smallest cardiac \eins) that open directly into the chambers of the heart 


Innervation and Conducting System of the Heart 



[Plate 216, Valves and Fibrous Skeleton of Heart] 
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• Both divisions of the autonomie neruous System provide libers to the cardiac plexus 

• The conduding System of the heart coordinates the cardiac cycle of contraction. It consists of 

o The sinoatrial node (SAnode), located atthe superiorend of the sulcus terminalis of the right atrium, nearthe entrance ofthe 
superiorvanacava 

o The SAnode is the so-called pacemaker ofthe heart, from which impulses for contraction are initiated and spread through the 
musculature of both atria. 

• Rbers from the cardiac plexus supplythe SAnode. 

° Sympathetic innervation accelerates the rate and force of contraction of heart muscle, 
o Parasympathetic stimulation slows down the rate and force of contraction of heart muscle. 

• Signal from the SAnode is propagated bythe cardiac muscle to the A/node. 

• The AV node is located near the inferior end ofthe interatrial septum posteriorly nearthe septal cusp ofthe tricuspid valve. 

• The AVbundle cames the signal from the A/ node through the librous skeleton ofthe heart and the membranous interventricular septum. 

o It divides into right and left bundles that pass on either side ofthe muscular intervantricular septum, 
o The fibers ofthe right and left bundles (Purkinje fibers) spread into the walls and papillary muscles ofthe ventricles. 
o Purkinje fibers from the right bundle innervate the anterior papillary muscle ofthe right vantride via the septomarginal trabecula or 
moderator band, to coordinate the timing ofthe contraction ofthe papillary muscles. 

Heart Sounds 

• Clinidans need to listen to valve sounds. 

• Blood carries Sound in the direction of its flow, so valus sounds are best heard (auscultated) directly superlicial to their location or at the end 
of a line of blood flow through the valus. 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


Cardiac Tamponade 

• Inflammation of the pericardium (pericarditis) can resuit in pericardial effusion, a leakage of fluid from the pericardial capillaries into the 
pericardial cavity. 

• Similarly, stab wounds to the heart can resuit in the leakage of blood into the pericardial cavity. 

• As excess blood or fluid accumulâtes in the pericardial cavity the heart becomes increasinglyinhibitedfrom expanding as it beats, and 
blood flowto the ventrides is impeded. 

• This situation is called cardiac tamponade and is a potentially léthal condition. 

• Symptoms indude distension of neck veins and a collapsing puise, i.e., diastolic and systolic pressures become the same. 

Pericardiocerrtesis 

• Pericardiocentesis or drainage of fluid from the pericardial cavity is necessaryto relieve cardiac tamponade. 

• Awide bore needle is inserted into the 5th or 6th intercostal space adjacent to the sternum (but not too dose because of the presence of the 
internai thoradc vessels). 

• This approach can be made because of the cardiac notch in the left lung and left pariétal pleura, leaving the pericardial sac exposed. 

• Aneedle can also be inserted into the inffastemal angle, again being careful of the internai thoradc arteryand its branches, and passed 
superiorly and posteriorlyto reach the pericardial sac. 

Cardiac Referred Pain 

• Wiile the heart is generally insensitive to various stimuli, ischemia (lack of oxygen) and the resulting accumulation of metabolic produds 
registers as pain, typicallyin the left pedoral and substernal régions and overthe médial aspect of the left shoulder and upper limb. 

• The axons of viscéral afferent fibers from the heart typically enter spinal cord segments from Tl through T4 or 5 on the leftside. 

• General sensoryfibers from these areas also enter the same spinal cord segments 

Cardiac Bypass Graft (CABG) 

• In this surgery, the patient has a blood vessel grafted into the coronary circulation to bypass an ocdusion in one of the coronary arteries or 
its branches. 

• In the past, the saphenous vein was commonly used in the bypass graft, because it is easilyobtained from the lower limb and has lengthy 
sections without valves or branches. 

• The internai thoradc arteryis more frequently used to shunt blood from the aorta to branches of the coronary arteries beyond the ocdusion. 

• This restores normal blood flowto the part of the heart distal tothe blockage. 

Ventricular Septal Defects (VSDs) 

• The membranous part of the intenentricular septum is the mostcommon site of ventricular septal defects (VSDs). 

• VSDs accountfbr25% of ail cardiac abnormalities. 

• It can be a resuit of anyone of several developmental anomalies, such as failure of the embryonic endocardial cushions, which tbrm part of 
the septum, to lise. 

• Aleftto rightflowof blood occurs with this defect because of the strength of contraction ofthe left ventride. 

• This increases the blood flow through the pulmonarytrunkto the lungs and results in pulmonary hypertension (increased blood pressure) 
and an enlarged heart. 

• This condition is potentiallyfatal if not corrected. 

Pathologies of the Aorta 

• Aneurysms ofthe ascending aorta 

• An aortic aneurysm is an enlargement of a weakened area ofthe aorta, in this case in the distal part ofthe ascending aorta. 

o Aneurysms are prone to rupture once they reach a certain size and 50% of patients who expérience a rupture of a thoradc aortic 
aneurysm die before reaching the hospital. 

o Ascending aortic aneurysms frequently cause dilation and leakage ofthe aortic valus, resulting in shortness of breath or even heart 
failure. 

° They can also cause a dull pain beneath the sternum and/or pain radiating to the upper back. 

• Aortic dissection is a tearing ofthe internai wall ofthe aorta, with subséquent bleeding into the wall, as the resuit of an aneurysm, 
atherosderosis, or high blood pressure. 

• Coarctation of aorta is a birth defect in which the aorta is narrowed somewhere along its length, most commonlyjust past the point where 
the subdavian artery arises. 

o This results in low blood pressure in branches ofthe aorta distal to the narrowing and high blood pressure in branches between the 
narrowing and the heart. 

o People with this condition often hâve high blood pressure in the upper body and arms (or one arm) and low blood pressure in the 
lower body and legs. 

o The intercostal arteries can become enlarged, since the anastomoses ofthe anterior intercostals (from the internai thoradc artery) 
with the posterior intercostals can circumvent the narrowing. 

o Aortic coarctation is more common in some genetic conditions such as Turner syndrome but also can be assodated with congénital 
abranditemities ofthe aortic valve such as a bicuspid aortic valve. 

Valvular Insufficiencies 

• The mitral valve is the heart valve mostfrequenttyaffected bydisease. 

o Itcan becaused byendocarditis, myocarditis, rheumatic heart disease, or lupus erythematosus.orcan resuit from a developmental 
abranditemity 

o The diseased mitral velve allows reversai of blood flow from the left ventride to the left atrium (mitral régurgitation), 
o Itis characterizBd bya high pitched mumnur, loudest overthe apex ofthe heart. 

• Narrowing ofthe pulmonaryvelve (stenosis) is caused byfusion ofthe velve cusps. 

o Itcan resuit from a developmental abranditemity or diseases such as rheumatic fever or endocarditis. 
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o Stenosis ofthe pulmonary\alve leads to right wsntricular hypertrophyand heart failure, if not corrected surgically. 

Mnemonics 

Memory Aids 

PV2L: Pulmonaryvalie heard owsr2nd left intercostal space 
AV2RAortic valve heard over2nd right intercostal space 

Memory Aids 

To rememberthe cusps ofthe aorticand pulmonaryval\«s: A= P and P = A 
A(orSc) = Posterior, Right and Left 
P(ulmonary) = Anterior, Right and Left 
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23 Mediastinum 

STUDYAIMS 

At the end of your study, you should be able to: 


• Identifythe mediastinum 

• Identifythe major arteries and \eins of the mediastinum 

• Identifythe trachea 

• Identifythe esophagus 
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GUIDES 

Thorax: Mediastinum 
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General Description 


• The mediastinum is the central compartment of the thoraxbetween the two pleural cavities. 

• Stretches from the thoracic inlet to the diaphragm and from the sternum to the bodies of the thoracic \ertebrae posteriorly 

• Its contents indude the heart, trachea, esophagus, great\essels of the heart, lynph nodes, nenes, and fat. 

• The mediastinum is divided into two parts: 

o The superior part extends from the thoracic inlet to a plane at the le\el of the sternal angle and the T4/5 intervertébral dise 
o The inferior mediastinum extends from this plane to the diaphragm. 

• Superior mediastinum contains the 

o superior \enaca\a 
o arch of the aorta and its branches 
o trachea 
o phrenic nenes 
o thoracic duct 
o esophagus 
o \egus nenes 
o left récurrent laryngeal nene 
o thymus 

• Inferior mediastinum is subdivided into 

» anterior mediastinum 
o middle mediastinum 
o posterior mediastinum 

• The anterior mediastinum contains fat and the remnants of the thymus gland 

• The middle mediastinum contains the heart surrounded bythe pericardium and the roots of the great\essels. The great vessels are: 

o ascending aorta 
o superior \enacava 
o pulmonarytrunk 

• The posterior mediastinum contains 
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o esophagus and the esophageal plexus 
o descending aorta 
o thoradcduct 

o tracheobronchial lymph nodes 
o azygos and hemiazygos usins 
o thoradc sympathetictrunks 
o thoradc splanchnic nerves 

Structures in the Mediastinum 

a. Thymus gland 

o play® a central rôle in the deuslopment ofthe immune System 
° lies posterior to the manubrium 

o recei\«s blood from the internai thoradc and anterior intercostal arteries 
o is graduallyreplace byadipose tissue after puberty 

b. Heart and pericardial sac (Section 3-5: Thorax-Heart) 

c. Superior venacava 

» Formed bythe union oftwo brachiocephalicwains 

o Returns blood to the heart from ail structures abo\« the diaphragm e>cept the heart and lungs 
o Descends verticallyand terminâtes in the right atrium 
o Lies to the right of the ascending aorta and to the left of the right phrenic nerve 
o Receiuss azygous veins before pierdng fibrous pericardium 

d. Brachiocephalicusins 

o Are formed in the root of the neck posterior to the stemodavicular joints by union of the internai jugular and subdavian wsins. 
o Right brachiocephalicvein 

■ receiuss lymph from the right lymph duct. 

■ is accompanied by right phrenic usin. 
o Left brachiocephalicvein 

■ is twice as long as the right 

■ runs obliquelydown and behind the manubrium 

■ crosses the roots of the three major branches of the aorta 

■ receives lymph from the thoradc duct 

e. Aorta 

o Ascending 

■ begins at the aortic orifice 

■ ascends to the 2nd right sternocostal joint 

o Arch 

■ Begins at the 2nd right sternocostal joint and arches superiorly and to the left 

■ Anterior to the right pulmonary artery and bifurcation of the trachea 

■ Passes o\er the root of the right lung 

■ Ends atthe bodyof the T4\ertebra 
o Descending (thoradc) 

■ begins atthe bodyofT4 vertebra 

■ descends on the leftside ofthe bodies of T5-12 vertebrae, posterior to the root of the left lung and the pericardium 

■ enters the abdomen through the aortic hiatus at the T12 vertébral body 

■ has a number of branches: 

■ bronchial (1-2) 

■ pericardial (twigs) 

■ superior phrenic (1 pair) 

■ esophageal (2) 

■ posterior intercostal (9 pairs) 

■ subcostal (1 pair) 

f. Trachea 

o Continues from the larynx 
o Contains cartilaginous semicircular rings 
o Iscompletedbymusdeposteriorly 

o Descends anterior to the esophagus, slightlyto the right ofthe midsagittal plane 
o Bifurcates into right and left main bronchi at le\el of T4/T5 (angle of Louis) 
o Right bronchi divides into upper and lower lobar bronchi betbre entering the right lung 

g. Esophagus 

o Is a fibromuscular tube from the pharynx to the stomach 
° Contains both circular and longitudinal musdes, both skeletal and smooth 

■ upper 1/3-skeletal muscle 

■ lower 2/3-smooth musde 

o Passes through right crus of diaphragm at Tl 0 
o Continues for 1-2 cm below diaphragm 
o Supplied by esophageal plexus of nerves derived from 

■ right and left vagal nervss 

■ sympatheüc nen«s 

o Surrounded by a number of lymph nodes: 

■ infierior deep cervical nodes 

■ posterior médiastinal nodes 

■ intercostal nodes 

■ paratrachéal nodes 

■ superior and inferior tracheobronchial nodes. 
o Vbscular supply 

■ arterial: esophageal branches ofthe thoradc aorta venous: azygos, hemiazygos and accessory azygos veins 

h. Thoradcduct 

o Originates from the dsterna Chili in the abdomen 
o Contains values 
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o Ascends through the aortic hiatus in the diaphragm 

o Lies anteriorto the bodies of T6-12 vertébral bodies, between the thoracicaorta and the azygos vein 

o Corners lymph from the limbs, pelvic and abdominal cavities, left side of the thorax, left upper limb and leftside of the head and neck 
o Empties into the venous System at the junction of the left internai jugular and left subdavian veins 

i. Æzygos venous System 

o Drains blood fforn the back and thoracoabdominal walls 
o ls highlyvariable 

o ls composed of an unpaired azygos vein and its main tributary the hemia^gos vein. 
o Offers an alternate route for blood to reach the heart if the inferior vena cave is blocked 

■ arises fforn ascending lumbar and/or rénal veins and subcostal veins 

■ ascends on the rightside of the bodies of T5-T12 \ertebrae 

■ arches o\erthe root of the right lung tojoin the superior vena cave 

■ recei\es blood from 

■ hemiazygos \ein 

■ posterior intercostals veins 

■ esophageal \eins 

■ bronchial \eins 

■ communications with the vertébral venous plexus 
o Hemiazygos \ein 

■ arises from the left subcostal and ascending lumbar veins 

■ ascends on the leftside of the \ertebral column fforn T12-T9 

■ crosses the T9 \ertebrae posterior to the aorta, esophagus and thoracicductto emptyinto the azygos vein 

■ receives blood from 

■ inferior three posterior intercostals 

■ inferior esophageal veins 

■ accessory hemiazygos (occasionally) 
o /tocessory hemiazygos vein 

■ begins at the 4th or 5th intercostal space on the left 

■ descends on the leftside of vertebrae T5-T8 

■ crosses over T7 or T8 vertebrae to join the a^gos 

■ sometimes joins the hemiazygos 

■ receives blood fforn 

■ posterior intercostal veins from the 4th through 8th intercostal spaces 

■ leftsuperior intercostal vein (occasionally) 

j. \âgus nerves and récurrent laryegeal nerves 

o The right vegus nerve 

■ enters the thoraxanterior to the right subdavian artery and immediately gives rise to the right récurrent laryegeal nene, which 
loops around the right subdavian artery and ascends into the neck 

■ descends on the rightside of the trachea 

■ passes posterior to the right brachiocephalic vein, superior vena cave and root of the right lung 

■ gives rise to branches of the right pulmonary plexus 

■ continues to the esophagus, where it contributes to the esophageal nene plexus and continues as the anterior vegal trunk 
into the abdomen 

o The left vagus nerve 

■ enters the mediastinum between the left common carotid and left subdavian arteries 

■ descends with the left phrenic nerve to the aortic arch 

■ gives off the left récurrent laryngeal nene just below the arch, which loops around the arch and ascends into the neck 

■ passes posterior to the root of the left lung where it contributes to the left pulmonary plexus 

■ continues as a single nene to the esophagus where it contributes to the esophageal nene plexus and continues as the 
posterior vagal trunk into the abdomen 

k. Phrenic nerves 

o Supply motor and sensorytibers to the diaphragm 

o Enter the superior mediastinum between the subdavian artery and brachiocephalic vein on eitherside 
o Pass anteriorto the roots of the lungs, unlike the vegus nene 

o The right phrenic nerve descends on the right side of the inferior vena cave to the diaphragm 
o The left phrenic nerve 

■ crosses the arch of the aorta 

■ descends anterior to the root of the left lung and along the pericardium over the left atrium and ventride 

■ pierces the diaphragm to the left of the pericardium 

l. Thoradcsympathetictrunks 

o Ae continuous with the cervical and lumbar sympathetictrunks 

o Shift mediallyas they descend, Crossing fforn the heads of the ribs to the costovertebral joints to the sides of the vertébral bodies 
o Giveoffthepairedthoradc splanchnic nerves 

■ greater splanchnic: fforn T5-T9 vertébral levels 

■ lesser splanchnic: fforn Tl 0-T11 vertébral levels 

■ least splanchnic: from T12 vertébral level 
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[Plate 234, Nerves of Esophagus] 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 

Récurrent laryngeal nerve injury 

• The récurrent laryngeal nervs supplies ail of the intrinsic muscles of the larynxbut one. 

• Surgery injury or disease affecting the contents of superior mediastinum can damage either or both récurrent laryngeal nervss, reducing 
the voice to a hoarse whisper. 

• The left récurrent laryngeal nerve passes beneath the arch of the aorta and ascends to the neck between the trachea and the esophagus. 
Bronchogenicor esophageal cardnoma or an aneurysm of the arch ofthe aorta can thus affect this nerve. 

Chylothorax 

• Surgirai procedures inwlving the posterior mediastinum can injure the thoracic duct, which is hard to identity berause it has a thin wall and 
is usuallycolortess. 

• Injury to the thoracic duct can lead to leakage of lymph into the thoracic ravityat a volume of up to 200 mL per hour. 

• Lymph is ralled chyie when it is rarrying chylomicrons (fat droplets) from the digestion of food in the gastrointestinal System. 

• If lymph from the thoracic duct enters the pleural ravity the resulting condition is ralled a chylothorax and may nequire removal by 
thoracocentesis. 


Mnemonics 

Memory Aids 

To remember the spinal nerve contributions to the phrenic nerve: C3,4,5 keeps the diaphragm alive 



Memory Aids 

SAT (for major contents ofthe superior mediastinum): Superior vena rava, Arch of aorta, and Trachea 
Turkeys Blow Eggs: Trachea lies Behind the Esophagus 


Memory Aids 

Relationship of Thoracic Duct to Esophagus and Azygos Vein 

"The duck lies between two gooses." duck = thoracic duct 
Two gooses = azyGOOSE and esophaGOOSE 
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Abdomen 


24 Topographie Anatomy 

STUDYAIMS 

At the end of your study, you should be able to 

• Understand the boundaries of the abdominal cavity 

• Identifysurfece landmarks of the abdomen 

• Know the four quadrants of the abdomen and their contents 

• Knowthenine régions of the abdomen 

• Know the lines and planes that create the four quadrants and nine régions 
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GUIDE 

Abdomen: Topographie Anatomy 
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Abdomen: General description 

• Lies between the diaphragm and the pelvic inlet. 

• Is the largest ca\ity in the body and is continuous with the pelvic cavity 

• Lined with pariétal peritoneum, a serous membrane 

• Bounded superiorly bythe diaphragm 

° Has a concave dôme 

o Spleen, li\er, part of the stomach, and part of the kidne^s lies under the dôme and are protected bythe lower ribs and costal 
cartilages. 

• Lower extent lies in the greater pelvis 

o Between the alaorwingsof the ilia 
» lleum, cecum, and sigmoid colon thus partly protected 

• Anterior and latéral walls composed of muscle 

o Viscera in these areas are more likelyto be damaged byblunt force and penetrating injuries. 

• Posterior wall comprised of wartebral column, the lower ribs, and associated musdes 

o Protect the abdom i nal contents. 


Bony landmarksof the abdomen 

• Xphoid process 

• Lower sixcostal cartilages 

• Aiterior ends ofthe lower sixribs (ribs 7 to 12) (Section 3-3: Thorax-BodyWall) 

• Lumbar vertebrae (L1 to L5) 

• Pelvis 

o lliaccrest 

o Aiteriorsuperioriliacspine (A3IS) 
o Aiteriorinferioriliacspine 
o Pubicsymphysis 
o Pubic crest and pubic tuberde 


Abdomen: Topographical anatomy 
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• Costal margin: Formed bythe médial borders of tbe 7th through lOth costal cartilages 

• Rectus sheath 

o From xiphoid process and 5th through 7th costal cartilages —> pubic symphysis and pubic crest 
o Contains rectus abdominis muscle (Section 4-2: Abdomen-Body Wall) 

• Linea alba 

o Aslight indentation that can sometimes be seen extending from the xiphoid process to the pubic symphysis 
o Afibrous raphe where the aponeuroses of the external and internai abdominal oblique and the transversus abdominis muscles on 
eitherside unité. 

• Semilunar line (linea semilunaris) 

o Vfertical indentation seen as a curved line tfom the tip of the ninth rib cartilage to the pubic tuberde on each side in well-musded 
indiquais 

° Represents the latéral edge of the redus abdominus musde 

• Tendinous intersections 

o Transverse attachments between the anterior redus sheath and redus abdominis musde 
o Maybe seen as transverse grooves in skin on eitherside of midline (six-pack) 

• Inguinal ligament 

o From ASISto pubic tuberde ofpelvis 
o Folded inferior edge of external abdominal aponeurosis 
o Séparâtes abdominal région from thigh 

• Umbilicus 

o A: approximate le\el of intervertébral dise between the L3 and L4 
o Marks the Tl 0 dermatome 

o Mainlyinthe right upper quadrant, behind ribs 7 through 11 on the right side 

o Crosses the midline to reach towards the left nipple (Section 4-5: Abdomen-Viscera (Acœssory Organs)) 

• Spleen 

o Beneathribs9through 11 ontheleftside 
o 10th rib is axis of spleen 

• Kidneys 

o Located in loin région 

o Left kidney is higher than right (pelvis at L1/2 on left and L2/3 on right) (Section 4-8: Abdomen-Kidneys and Suprarénal Glands) 


• Gastrointestinal trad 

o Stomach 
» Duodénum 

o Jéjunum 

o Cecum and appendix 
o Ascending, transverse and descending colon 
o Part ofthesigmoid colon 

• Accessorydigestive organs 



• Urinarysystem-kidneys and ureters 

o Kidneys are the only organs developing beneath the pariétal peritoneum 
o Ne\er ha\e a mesentery 
o Thusareprimarilyretroperitoneal 

• Organs that develop within the abdominal cavity and then become rétropéritonéal 

o Pce called secondarily rétropéritonéal 
o Pancréas 

o Two thirds of the duodénum 
o Ascending and descending colon. 

• Al the restofthe organs are peritoneal 

o Lie within the peritoneal cavity 
o Covered bya layer of viscéral peritoneum 

o Viscéral peritoneum is continuous with the pariétal peritoneum lining the cavàty via a mesentery 


Abdominal régions 

• Abdominal quadrants 

o Clinidans usually divide the abdomen is into four quadrants for descriptive purposes, using the following planes: 

■ Médian plane: imaginary vertical line following the line alba from the xiphoid process to the pubic symphysis 

■ Transumbilical plane: imaginaryhorizontal line atthe level ofthe umbilicus 
o These Unes or planes create four quadrants 

■ Right upper 

■ Left upper 

■ Right lower 

■ Left lower 

• Abdominal régions 
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o Clinicians maydivide the abdomen into nine régions 

■ For more accurate descriptif and diagnostic purposes 

■ Use two vertical and three horizontal lines or planes 
o Horizontal planes (in descending order): 

■ Subcostal plane: passes through the lower border of the 10th costal cartilage on either side 

■ Sometimes the transpyloricplane is used instead of the subcostal; passes through the pylorus on the right and the ïps of 
the ninth costal cartilage on either side 

■ Transumbilical plane: passes through the umbilicus at the le\el of the L3/4 intervertébral dise 

■ Transtubercular (intertubercular) plane: passes through the tuberdes of the iliac crests and the body of L5 
o Vfertical planes 

■ Right midclavicular line 

■ Left midclavicular line 

■ Pass from the midpoint of the da\àde to the midpoint of inguinal ligament, 
o These planes create nine abdominal régions: 

■ Right and left hypochondriac régions, superiorly on either side 

■ Right and leftlumbar(flank) régions, centrallyon either side 

■ Right and left inguinal (groin) régions, inferiorly on either side 

■ Epigastric région superiorly and centrally 

■ Umbilical région, with the umbilicus as its center 

■ Hypogastric or suprapubic région, inferiorly and centrally 

> Descriptive quadrants and régions are essential in dinical practice 

o Each area represents certain viscéral strudures 

o Allow corrélation of pain and referred pain fforn these areas to spécifie organs. 

> Régions and quadrants are palpated, percussed, and auscultated during dinical examination 


Contents of the Abdominal Quadrants 


Right Upper Quadrant (RUQ) 

Left Upper Quadrant (IUQ) 

Liver (right lobe) 

Li\er (left lobe) 

Gallbladder 

Spleen 

Pylorus (ofstomach) 

Stomach 

Duodénum (parts 1 through 3) 

Jéjunum and proximal ileum 

Pancréas (head) 

Pancréas (body and tail) 

Right kidney and suprarénal gland 

Left kidney and suprarénal gland 

Colon: distal ascending colon, hepatieflexure and right half 

Colon: left half of transf rse colon, splenicflexure and superior part 

oftrans\erse colon 

of descending colon 

Right Lower Quadrant (RLQ) 

Left Lower Quadrant (LLQ) 

Majorityofileum 

Distal descending colon 

Cecum with vermiform appendix 

Sigmoid colon 

Proximal ascending colon 

Left ureter 

Proximal right ureter 



Uterine tubes 

Right and leftductus deferens 
Utérus (ifenlarged) 

Urinary bladder (if full, especially in women) 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


McBurney’s Point and Appendicitis 

• McBurney’s point:Asurface landmarkthatroughlyindicates the location ofthe appendix located approximatelyonethird ofthe wayalong a 
line from the anterior superior iliac spine to the umbilicus. 

• Appendicitis: inflammation ofthe appendix Pain first présents in the epigastric région, moues to the umbilical région and then localizes in 
the right lower quadrant. Rupture ofthe appendixleads to peritonitis (inflammation ofthe peritoneum). This présents with seuere pain, fever, 
and abdominal rigidity 

• Muscle-splitting incision (of McBurney): used to access the appendix Each muscle layer is split in the direction ofthe fiber orientation. The 
incision must not go too far laterally or the ascending branch ofthe deep circumflexiliac artery may be seuered. 

Clinical Points 

Q-ey-Turner's sign 

• Local right flank redness or bruising (ecchymosis) 

• Indicates a rétropéritonéal hemorrhage 

• Usuallytakes 24 to 48 hours to appear 

• Can be prédictive of seuere hémorrhagie pancreatitis, abdominal injury or metastatic cancer 


Clinical Points 

Cullen's sign 

• Discoloration (ecchymosis) around the umbilicus 

• Ares ult of peritoneal hemorrhage 

Mnemonics 

Memory Aids 
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25 Body Wàll 

STUDYAIMS 

At the end of your study, you should be able to: 

• Know the lasers of the anterior abdominal wall from superficial to deep 

• Understand the orientation and fonctions of the muscles of the antérolatéral abdominal wall 

• Describe the structure of the rectus sheath and its contents 

• Describe the neurovascular supplyof the abdominal wall 

• Understand the boundaries of the inguinal canal and layers of the spermaticcord 

• Describe the boundaries of Hesselbach's triangle 

• Know the etiologyand location of the umbilical peritoneal fblds 

• Understand the structure and organization of the posterior abdominal wall and its neurovascular relations 
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GUIDE 

Abdomen: Body Wall 


Serrés of abdominal axial CT ima 





[Plate 324, Abdominal Scans: Axial CT Images] 


192/425 












Antérolatéral Abdominal Wall 


o Superficial fasda: two lasers in abdomen 
o Fattysuperfidal laver (Camperis fascia) 
o Deeper membranous laver (Scarperis fascia) 
o Deep fascia-a verythin laver inwesting the most superficial muscles, 
o Transversalis fascia (endoabdominal fascia) 

■ Athin membranous sheetlining mostofthe abdominal wall 

■ Lies deep to the transversus muscles and the linea alba 

o Endoabdominal fat séparâtes the transversalis fascia from the pariétal peritoneum 
• Muscles 

« Functions 

■ Protecttheviscera 

■ Help mainfain posture 

■ Can compress the abdominal contents, thus raising intra-abdominal pressure, such as in sneezing, coughing, defecating, 
micturating, lifting, and childbirth 

o Four paired muscles make up the antérolatéral abdominal wall 
o Three fiat muscles 
o Asingle \ertical muscle. 

» Three fiat muscles indude 

■ The extemal abdominal oblique 

a. Largest and most superficial 

b. Fibers run inferiorly and medially and end in aponeurosis that contributes to the rectus sheath. 

c. Inferior border of its aponeurosis Ibrms the inguinal ligament, where it thickens and folds back on itself 

d. Inneruated segmentallybyT6-T12 spinal nenes and subcosfal nene 

■ The internai abdominal oblique 

a. Athin muscularlayer 

b. Fibers run inferiorly and laterallyand end in an aponeurosis that contributes tothe rectus sheath 

c. Inferior aponeurotic fibers join with those of the rectus abdominis to form the conjoint tendon, inserting onto the pubic 
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d. Innervated segmentallybyttie entrai rami ofT6-T12 spinal nerves 

■ The transversus abdominis 

a. Innermostofthethreeflat muscles 

b. Fibers run transvarselyand medially and end in an aponeurosis that contributes to the reclus sheath. 

c. Innervated segmentallybythe entrai rami of T6-T12 spinal nervas 

■ Linea alba 

a. Tendinous raphe running verticallyin the midline 

b. Formed bythe union of the aponeuroses of the flat muscles on either side 

c. Largelyavascular 

d. Umbilicus found in midline 
o Vfertical muscle = reclus abdominis 

■ Separated bythe linea alba in the midline 

■ Widersuperiorlythan inferiorly 

■ Typicallycomposed of four segments connected bytendinous intersections thatattach anteriorlytothe sheath ofthis muscle 

■ Innervated segmentallybythe ventral rami of T6-T12 spinal nervas 

■ Flava the superior epigastric and the inferior epigastric arteries njnning inferiorly and superiorly respectively on their deep 
surfaces. 

o Pyramidalis muscle 

■ Small, insignificant, triangular muscles arising from the body of the pubis inferiorly 

■ Inserts into the linea alba medially 

■ Absent in 20% ofpeople 
• Rectus sheath 

» Atough, fibrous sheath composed of the aponeuroses of the three flat muscles 

■ Extends from the xiphoid process and fifth through seventh costal cartilages to pubic symphysis and crests 

■ Contains the superior and inferior epigastric vassels, lymphatics and branches of the ventral primaryrami of T7-T12 

■ Encloses the rectus abdominis and the pyramidalis muscle 

■ Semilunar line marks latéral border 

o Fias a crescent-shaped line-the arcuate line-on its posterior wall approximately three fourths of the way down the wall 
o Above the arcuate line: 

■ Anterior wall composed of the aponeurosis of the external abdominal oblique and the anterior layer of the aponeurosis of the 
internai abdominal oblique 

■ Posterior wall composed of the posterior layer of the aponeurosis of the internai abdominal oblique, the aponeurosis of the 
transversus abdominis, the transvarsalis fascia of the abdomen, and pariétal peritoneum 

» Below arcuate line 

■ Aponeuroses of ail three flat muscles pass anterior to the rectus muscle, reinforcing the anterior wall 

■ Posterior wall composed of just transvarsalis fascia and pariétal peritoneum 

o Fias vessels and nerves entering the sheath at its latéral edge, the semilunar line, to supply the rectus muscle. 


Muscle Proximal Attachment (Origin) Distal Attachment Innervation Blood Supply Main Actions 

(Insertion) 


External 

oblique 

External surfaces of 5th to 12th 

Linea alba, pubic tuberde, 
and anterior halfof iliac 

Inferior seven 
thoracic nerves 

Superior and 
inferior epigastric 
arteries 

Compresses and 
supports 

abdominal viscera; 
flexes and rotâtes 

Internai 

oblique 

Thoracolumbar fascia, anterior 
two thirds of iliac crest, and 
latéral halfof inguinal ligament 

Inferior borders of lOth to 
12th ribs, linea alba, and 
pubis via conjoint tendon 

Vëntral rami of 
inferior six 
thoracic and 
Istlumbar 

Superior and 
inferior epigastric 
and deep 
drcumflex iliac 
arteries 

Compresses and 
supports 

abdominal viscera; 
fle>es and rotâtes 

Transversus 

abdominis 

Internai surfaces of 7-12 costal 
cartilages, thoracolumbar 
fascia, iliac crest, and latéral 
third of inguinal ligament 

Linea alba with 
aponeurosis of internai 
oblique, pubic crest, and 
pecten pubis via conjoint 

Vëntral rami of 
inferior six 
thoracic and 
Istlumbar 

Deep drcumflex 
iliac, and inferior 
epigastric arteries 

Compresses and 
supports 

abdominal viscera 

Rectus 

abdominis 

Pubic symphysis and pubic 

Xiphoid process and costal 
cartilages 5-7 

Vëntral rami of 
inferior six 
thoracic nerves 

Superior and 
inferior epigastric 
arteries 

Flexes trunk and 
compresses 
abdominal viscera 

Pyramidalis 

Body of pubis, anterior to rectus 
abdominis 

Linea alba 


Inferior epigastric 

Tenses the linea 


• Nerve supply 

o Neurovascular plane 

■ Found between the internai abdominal oblique and the transversus abdominis 

■ Contains the vassels and nervas supplying the skin and muscles of the anterior and latéral abdominal wall. 

■ Nerves and vessels are transversely oriented and segmentai 
o Nerves 

■ Thoracoabdominal nerves 

■ Anteriorcutaneous branches oftheventral primaryrami ofT7-T11 

a. T7-T9 supplyskin above the umbilicus 

b. T10 supplies skin around the umbilicus 

c. T11 (plus subcostal and ilioinguinal and iliohypogastric nerves) supplies skin below umbilicus 
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d. Subcostal nerves (T12)supplyskin belowumbilicus 

e. Iliohypogastric and ilioinguinal nerves (terminal branches of L1 ) supplies skin below umbilicus 


o Alertes 

■ Aiterior and collateral branches of posterior intercostal arteries 

■ Branches of the internai thoracic arteries 

a. Superior epigastric 

b. Musculophrenic 

■ inferior epigastric (ffom external iliac) 

■ Branches of the fémoral artery 

a. Superficial epigastric 

b. Superficial circumflex iliac 

■ Vfenous drainage is via \enae comitantes (vains corresponding to the arteries listed) 

■ Blood drains awayffom the umbilicus 

■ Vfenous drainage to the caval System 
o Lymphatics 

■ Superficial lymphatics above the umbilicus lymph drains to the axillary nodes 

■ Superficial lymphatics below the umbilicus drain to the superficial inguinal nodes 

■ Deep lymphatics 

a. Axompanydeep vains 

b. Drain to extemal iliac, common iliac, and lumbar nodes 


Posterior abdominal wall 



[Plate 258, Veins of Posterior Abdominal Wall] 


Muscle 

Superior Attachment 
(Origin) 

Attachment 

(Insertion) 

Innervation Blood Supply 

Actions 

ma^OT 

Transverse processes of 
lumbar vertebrae; sides of 
bodies of T12-L5 

Lesser trochanter 
offemur 

Lumbar 
plexus va 

Lumbar arteries 

Ading superiorlywith iliacus, flexas 
hip; acting inferiorly flexas vertébral 
column laterally used to balance 
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vertebrae, and intervening 
intervertébral dises 


branches 
of L1-L4 


trunk in sitting position; acting 
inferiorlywith iliacus, flexes trunk 


Superior two thirds of iliac 
fossa, ala of sacrum, and 
anterior sacroiliac 
ligaments 

Lesser trochanter 
of fémur and 
shaft inferior toit, 
and to psoas 
major tendon 

Fémoral 
nerve (L2- 
L4) 

lliolumbar artery 

Fleæs hip and stabilizes hip joint; 
acts with psoas major 

Quadratus 

lumborum 

Médial halfof inferior 
border of 12th ri b and tips 
of lumbar tra ns verse 
processes 

lliolumbar 
ligament and 
internai lipof iliac 

Entrai 

branches 

ofT12and 

L1-L4 

lliolumbar artery 

Extends and laterallyflexes \ertebral 
column; fiœs 12th rib during 
inspiration 

Diaphragm 

Xiphoid process, lowersix 
costal cartilages, L1-L3 
vertebrae 

Converge into 
central tendon 

Ph renie 
nerve (C3- 
C5) 

Pericardiacophrenic 
musculophrenic, 
superior and 
inferior phrenic 
arteries 

Draws central tendon down and 
forward during inspiration 


o Superficial fascia: single layer 

o Deep fascia-a verythin laver imesting the most superficial muscles, 
o Transuersalis fascia (endoabdominal fascia) 

° Endoabdominal fat séparâtes the transversale fasda from the pariétal peritoneum 
o Psoas sheath 

■ Fasda covering the psoas musde 

■ Mâches to lumbar vertebrae and pelvic brim 

■ Thickened superiorlyto fbrm the médial arcuate ligament-a site of origin of the musde of the diaphragm 
o Fasda of quadratus lumborum 

■ Fuses mediallywith psoas fasda 

■ Thickened superiorlyto form the latéral arcuate ligament-a site of origin of the musde of the diaphragm 
o Thoracolumbar fascia (Section 2: Back and Spinal Cord) 

■ Composed of anterior and posterior layers 

■ Endoses the deepmusdesof the back 

■ Thickandstrong in the lumbar région 

■ Extends from 12th ribto iliaccrestand continuous laterallywith deep fasda of internai oblique and transversus abdominus 
musdes 

o Psoas major 

■ Long and thick 

■ Lies latéral, and is attached to, the lumbar vertebrae 

■ Tendon passes deep to inguinal ligament to lesser trochanter of fémur 

■ Together with iliacus forms iliopsoas musde, which flexes the hip, helps mainfain erect posture 

■ Lumbar plexus of nerves embedded within it 
o Iliacus 

■ Mâches to superior two thirds of iliac fbssa 

■ Joins psoas to form iliopsoas 
o Quadratus lumborum 

■ Thick quadrangular musde of posterior wall 

■ Extends from 12th ribandtips of lumbar transverse processes to iliaccrest 

■ Rexes and laterallyextends vertébral column 

• Arteries of the posterior abdominal wall (Section 4-6: Abdomen-Visceral Vasculature) 
o Midominal aorta 

■ Origin of most of arteries supplying the posterior wall 

■ Begins anterior to the bodyof T12 and ends at bifurcation ofthe common iliac arteries at L4 
o Common iliac artery 

■ Follows the médial border ofthe psoas 

■ Divides into internai and external iliac arteries at pelvic brim 

■ External iliac 

a. Gives off inferior epigastric and deep circumflexarteries 

b. Exits under the inguinal ligament as the fémoral artery 

c. Supplies lowerlimb 

■ Internai iliac artery supplies pelvis 

o Unpaired viscéral branches of abdominal aorta 

■ Celiactrunk(T12) 

■ Superior mesenteric (L1 ) 

■ Inferior mesenteric (L3) 
o Paired viscéral branches 

■ Suprarénal arteries (L1) 

■ Rénal arteries (L1) 

■ Gonadal arteries (L2) (Note: gonadal arteries branch from the anterior aorta) 
o Paired pariétal branches 

■ Subcostal arteries (T12) 
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■ Inferior phrenic arteries 

■ Lumbar arteries (four pairs) 

o Unpaired pariétal branch: Médian sacral arteryarisingjustaboveaortic bifurcation 

• Veins of the posterior abdominal wall (Section 4-6: Abdomen-Visœral Vasculature) 

o Inferior vena cava (l\/C) 

■ Formedfrom union ofcommon iliacveins 

■ Begins anterior to bodyof L5 and passes through the diaphragm at T8. 

■ Its tributaries follow branches ofaorta 

■ Erceptions: 

a. Left gonadal vein drains to left rénal vein 

b. Left suprarénal vein drains to left rénal vein 
o Blood from abdominal viscera 

■ Drains via portai System and liver 

■ Reaches IVC through the hepatic veins 
o Ascending lumbar veins 

■ Drain to azygos/hemiazygos veins and thence to superior vena cava (SVC) 

■ Forms an anastomosis between IVC and SVC. 

• Lymphatics of the posterior abdomen 

o Common iliac nodes 

■ Receive lymph from the extemal and internai iliac nodes 

■ Drain to lumbar (para-aortic) nodes 
o Lumbar (para-aortic) nodes 

■ Receive lymph from the posterior abdominal wall, descending colon, kidneys, ureters, testes/ovaries, utérus, uterine tubes 

■ Efferent \essels fbrm the lumbar lymphatictrunks 
o Preaortic nodes 

■ Receive lymph from the digestive tract, liver, spleen, and pancréas 

■ Efferent \essels fbrm the intestinal lymphatic trunks 

• Nenes of the posterior abdominal wall (Section 4-7: Abdomen-Innervation) 

o Somatic nenes 

■ Subcostal nenes 

a. Vèntral primaryrami ofT12 

b. Aise in the thorax 

c. Run inferiorlyon surface of quadratus lumborum 

d. Supply external abdominal oblique and skin of antérolatéral abdominal wall 

■ Lumbar nenes 

a. Dorsal and ventral primaryrami of lumbar spinal nenes 

b. Dorsal rami supplymusdes and skin of back 

c. Vfentral rami pass into substance of psoas major muscle and form lumbar plexus 
o Nenes of lumbar plexus 

■ llioinguinal and iliohypogastric nenes (L1 ) 

a. Enter abdomen posterior to médial arcuate ligament 

b. Pierce transverse abdominus near anterior superior iliac spine (ASIS) 

c. Supplyskin ofsuprapubicand inguinal régions 

■ Genitofemoral nene (L1/2) 

a. Emerges from anterior surface of psoas muscle 

b. Runs inferiorlydeeptofascia 

c. Divides into génital and fémoral branches 

■ Latéral fémoral cutaneous nene (L2/3) 

a. Emerges from latéral aspect of psoas muscle 

b. Runs inferiorlyon iliacus 

c. Enters thigh posterior to inguinal ligament and médial toASIS 

■ Obturator nene (L2-L4) 

a. Emerges from médial border of psoas 

b. Descends through pelvis to obturator canal 

c. Supplies muscles and skin of médial thigh 

■ Fémoral nene (L2-L4) 

a. Emerges from latéral border of psoas 

b. Innervâtes iliacus 

c. Passes beneath inguinal ligament on surface of iliopsoas muscle 

d. Innenetes muscles of anterior thigh 

■ Lumbosacral trunk (L4/5) 

a. Descends over ala of sacrum into pelvis 

b. Joins in formation of sacral plexus 
o Autonomie nenes 

■ Thoracic splanchnic nenes 

a. Greater(T5-T9), lesser(T10-T11)and least(T12)thoracicsplanchnicnenes 

b. Convey presynaptic sympathetic fibers to celiac, superior mesenteric, and aorticorenal sympathetic ganglia 

■ Lumbar splanchnic nenes 

a. Rise of abdominal sympathetic trunks 

b. Three to four in number 

c. Convey presynaptic sympathetic fibers to inferior mesenteric, intermesenteric, and superior hypogastric plexuses 

■ Prevertebral sympathetic ganglia 

b. Superior mesenteric 

c. Inferior mesenteric 

d. Aorticorenal 

■ Parasympathetic fibers 

a. Preganglionic 

b. From anterior and posterior vegal trunks and pelvic splanchnic nenes 
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ganglia (preiertebral), and viscéral afferent fi bers 

b. Some named for major blood vessels (periarterial): celiac, superior mesenteric, inferior mesenteric, intermesenteric, 
aorticorenal 

c. Superior hypogastric plexus-continuous witn inferior mesenteric and intermesenteric plexuses at aortic bifurcation 


Internai features of anterior abdominal wall 



• Lined byparietal peritoneum 

• Has five peritoneal folds, inferior to the umbilicus 

o Médian umbilical Ibid 

■ Extends in the midline fforn the bladder to the umbilicus 

■ Represents the remnant of the urachus 
o Médial umbilical folds (two) 

■ One on either side of médian umbilical fold 

■ Represent remnants of umbilical arteries 
o Latéral umbilical folds (two) 

■ Oie on either lateral side of the médial umbilical folds 

■ Over the inferior epigastric vessels 

• Peritoneal fossae are fbrmed between the umbilical folds: 

o Suprauesical fossae: between the médian and médial folds 
o Médial inguinal fossae: between the médial and lateral folds 
o Lateral inguinal fossae: 

■ Lateral to lateral folds 

■ Site of deep inguinal ring (beneath peritoneum) 

• Falciform ligament 

o Asharp-edged fold of peritoneum 

o Extends between peritoneum of the abdominal wall abo\« the umbilicus and the Nier 
o Contains the round ligament of the liver (ligamentum fores hepatis: remnant of the umbilical \ein) 
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Hesselbach's (inguinal) triangle 


• Boundaries: 

o Medially. latéral border of rectus abdominis 
° Laterally: inferior epigastric wassels 
o Inferiorly: inguinal ligament 

• Significance 

o Onlyperitoneum, endoabdominal fascia and transversale tascia form the wall 
o The superlicial inguinal ring lies direcdy extemal to it 

o It is thus the site where direct inguinal hernias protrude from the abdominal cavity 


Inguinal canal: Afeature of the anterior abdominal wall 



199/425 





















200/425 

















• Oblique canal, approximately4 cm long atthe inferior margin ofthe anterior abdominal wall 

• Parallel and superiortothe médial halfofthe inguinal ligament 

• Deep inguinal ring: internai entrance to canal 

o Entrance to the canal through the transwarsalis fascia. 
o Located 1.25cmsuperiortothemidpointoftheinguinal ligament 
o Occurs latéral to the epigastric \essels 

• Superlicial ring: extemal exit ofthe canal 

» Exit through the external oblique aponeurosis 
o Located superolateral to the pubic tuberde 

• Boundaries: 

o Aiterior wall: extemal oblique aponeurosis (and internai oblique laterally) 
o Posteriorwall 

■ Transwsrsalis fascia laterally 

■ Internai oblique and conjoint tendon (joint insertion of aponeuroses of internai oblique and transfère es abdominus) medially 
o Roof: arching libers of internai oblique 

o Floor: inguinal ligament, reinlbrced mediallybythe lacunar ligament 

• Contents: 

o Spermaticcord in men 

» Round ligament in women (Section 5: Pelvis and Perineum) 
o llioinguinal nerys 
o Blood and lynphatic \essels 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


Inguinal Hernia 

• IVbst abdominal hemias occur in the inguinal région 

• IVbst hernias are inguinal hemias 

• Inguinal hernias are more common in men 

• About 20% are direct inguinal hernias. 

• Direct inguinal hemias protrude through the lasers of the wall in Hesselbach's (the inguinal) triangle, médial to the epigastric vessels. 

• The hernial sac consists of peritoneum containing a portion of a viscus (usually small or large bowel) 

• Indirect hemias which leaus the abdomen latéral to the epigastric \essels, entering the inguinal canal through its deep ring. 

• The hernial sac consists of peritoneum containing a portion of a viscus (usually small or large bowel) and is couered bythe layers covering 
the spermatic cord. 

• The hernia may continue through the superficial ring and into the scrotum. 

Clinical Points 

Psoas Abscess 

• Usually caused bythe spread of lumbar vertébral tuberculosis to the psoas sheath. 

• The sheath becomes thickened and pus accumulâtes beneath it 

• Pus tracks inferiorlywithin the sheath, deep to the inguinal ligament, surtadng in the superior part of the thigh. 

• Should pus track to the adjacent iliac fascia, a recess mayfbmn-the iliacosubfascial fossa. 

• The large bowel can become trapped in this fossa, with resulting seusre pain. 

Mnemonics 

Memory Aids 

I Muscles of the abdominal wall: 


TIRE 

Transversus abdominis 
Internai oblique 
Redus abdominis 
External oblique 
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26 Peritoneal Cavity 

STUDYAIMS 

At the end of your study, you should be able to: 

• Understand the différence between the abdominopelvic and peritoneal cavities 

• Be able to explain the différence between the greater sac and the lesser sac (omental bursa) 

• Understand the organization of the peritoneal folds thatform the greater omentum, lesser omentum, the mesentryof the small intestine, 
and other mesenteries and peritoneal ligaments 

• Know which organs are intraperitoneal, rétropéritonéal, and secondarilyretroperitoneal 

• Describe the subdivisions of the peritoneal cavity 
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GUIDE 

Abdomen: Peritoneal Cavity 
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Common hcpjtic artcry 



[Rate 287, Arteries of Small Intestine] 
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[Plate 288, Arteries of Large Intestine] 
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Peritoneum 


• Serous membrane 

o Lines tbe abdominopeMc cawty 
o Consists oftwo continuous layers of mésothélium: 
o Pariétal peritoneum 

■ Lines the internai abdominal wall 

■ Receiwes its neurovascular supplyfrom the région of the wall it lines 
o Viscéral peritoneum 

■ Imests abdominal viscera 

■ Recei\es its neurouascular supplyfrom that of organ 

• Peritoneal cavity 

» Apotential space between the pariétal and viscéral layers of the peritoneum 
o Containsathinlilmoffluid 
o Noorgans actuallyliewithinthis potential space 
° Males: peritoneal cavityis completelyclosed 

o Females: communicates with exteriorofbodyvia uterinetubes, utérus, and vagina 

• Intraperitoneal organs 

o Are organs nearlytotally covered by viscéral peritoneum 
o Not actually inside the peritoneal cavity but project into the peritoneal cavity 
o Are covered by peritoneum 

o Are attached to body wall and other organs by mesenteries and ligaments 
o Indude: 

■ Stomach 

■ Firstpartofduodenum 

■ Jéjunum 

■ Transverse colon 

■ Sigmoid colon 
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■ Superior rectum 

• Primarilyretroperitoneal organs 

o Organs that de\elop and remain beneath the pariétal peritoneum 
o Onlythe kidne>s 

• Secondarilyretroperitoneal organs 

o Organs that developed with a short mesentery 

o Become pushed against pariétal peritoneum lining the bodywall bygrowth ofotherorgans, primarilythe small intestine, 
o Mesentery of organ fuses with pariétal peritoneum: fusion fescia 
o Peritoneum covers onlyits anteriorsurface, hence, secondarilyretroperitoneal 
° Organ can be freed at its latéral edge, along the plane of the fusion fascia 
o Indude 

■ Adrenal glands 

■ Pancréas 

■ Parts two through four of the duodénum 

■ /tecending and descending colon 





• Omentum = double-layered fold of peritoneum 

• Lesser omentum: connects lessercurve of stomach and proximal duodénum to liver 

o Passes fforn the stomach and first part of the duodénum to adjacent organs 
o Consists oftwo parts: 

■ Hepatogastric ligament 

■ Hepatoduodenal ligament 

• Greater omentum 

« Hangs down fforn the greater curve of the stomach and proximal duodénum 
o Folds back on itself to attach to the trans\erse colon 


Mesenteries 


IVtesentery=double laysrof peritoneum created byin\agination of peritoneum byan organ 
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• Is the continuityof viscéral and pariétal peritoneum 

• Provides a pathwayfor neurovascular communication between organ and bodywall 

• Contains lymph nodes and variable amounts of fat 

• The mesentery 'ts the mesenteryof the small intestine 

• The mesocolon is the mesenteryof the large intestine 

o Transverse mesocolon 
o Sigmoid mesocolon 

Peritoneal ligaments 


• Ligament = double layer of peritoneum connecting an organ to another organ or to the abdominal wall 

• Ligaments of the li\er: 

o Falciform ligament: from liver toanterior abdominal wall 
o Gastrohepatic ligament 

■ From lesser curvature of stomach to liver 

■ = a portion of lesser omentum 
o Hepatoduodenal ligament 

■ From the liver to the first part of the duodénum 

■ = Right, thickened free edge of lesser omentum 

■ Contains portai triad (portai vein, hepatic artery bile duct) 

• Ligaments of the stomach 

o Gastrophrenic ligament: from stomach to inferior diaphragmatic surface 
o Gastrosplenic ligament: from stomach to hilum of spleen 

o Gastrocolic ligament from stomach as the greater omentum to the transverse colon 

• Ligaments of the spleen 

o Gastrosplenic: from stomach to hilum of spleen 
o Splenorenal (lienorenal): from spleen to the left kidney 

• Phrenicocolic ligament (sustentaculum lienis) 

o From the left hepatic flexure of transverse colon to diaphragm 
o Supports the spleen 

Peritoneal subdivisions 

• Greater sac: main peritoneal cavity 

• Lesser sac (omental bursa) 

o Posteriorto the stomach 
o Visible through the lesser omentum 

o Superior recess: limited bythe diaphragm and posterior layers of the coronary ligament of the liver (Section 4-4: Abdomen-Visœra 
(Gut)) 

o Inferior recess: potential space between layers of the greater omentum 
o Communicates with the greater sac va the epiploic foramen (of Winslow) 

Boundaries of the epiploic foramen 
Boundary Structures 


Aiterior 

Hepatoduodenal ligament containing portai triad 

Posterior 

Inferior vena cava (IVC) and right crus of diaphragm which is covered bythe pariétal peritoneum 

Superior 

Caudate lobe of liver which is covered bythe viscéral peritoneum 

Inferior 

First part of duodénum, portai vein, hepatic artery, bile duct 


• Supracoliccompartment 

o Greater sac above the transverse mesocolon 
o Contains stomach, liver, and spleen 

• Infracolic compartiment 

o Greater sac below transverse mesocolon, 

o Contains small bowel, ascending and descending colon. 

o Divided into left and right divisions bythe mesenteryof the small intestine 

o Free communication between the supracolic and infracolic compartiments via the paracolic gutter 

■ Grooves or recesses between the ascending and descending colon and the posterior abdominal wall along their latéral 
borders 
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FACTS & HINTS 

High-Yîeld Facts 

Anatomie Points 

The greater omentum is often referred to as the "abdominal policeman." Itcan move within the peritoneal cavityand wrap itself around an inflamed 
organ, localizing inflammation and prewenting adhesion between the viscéral peritoneum and pariétal peritoneum of the abdominal wall. 


There are several wa>s to access the omental bursa surgically: 

• Directlythrough the lesser omentum 

• Through the transverse mesocolon 

• Through the gastrocolic ligament (part of the greater omentum) 


Clinical Points 
Peritonitis 

• Inflammation of the peritoneum 

• Can be localized (e.g., secondaryto appendidtis) or generalized (e.g., secondaryto bowel perforation) 

• Can resuit in reflextensing ("guarding") of the oueriying abdominal musculature leading to abdominal rigidity 

• ln\ol\ement of pariétal peritoneum leads to well-localized, Sharp abdominal pain with tenderness on palpation. 


Ascites 

• Accumulation of fluid in the peritoneal cavity 

• Mayform secondaryto peritonitis or a \arietyof other pathological conditions 

• Abdomen maybecome grosslydistended as many liters offluid accumulate 

• Paracentesis may be undertaken both for diagnostic purposes and for draining the asdticfluid. 

• Usually performed under local anaesthesia. 


210/425 



27 Viscera (Gut) 

STUDYAIMS 

At the end of your study, you should be able to: 

• Describe the structure of the stomach and its neurovascular supply 

• Describe the structure of the duodénum, its immédiate anatomie relationships, and its neurovascular supply 

• Understand the orientation of the small bowel within the abdomen and describe its divisions and neurovascular supply 

• Understand the course of the large bowel within the abdomen and describe its divisions and neurovascular supply 

• List distinguishing features of the jéjunum, ileum, and large intestine 
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GUIDE 

Abdomen: Viscera (Gut) 

Stomach 



Left lobe of liver 


Hepatoduodenal ligament 
/ Hepatogastric ligament 

/ \ Abdominal part 

\ of esophagus 


Falciform 

ligament-. 


Cardiac notch (incisure) 

/ Fundus of stomach 

h - I Diaphragm 

Spleen 


Round 

ligament 

of liver- 

(obliterated 
left umbilical 
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• J-shaped enlargement of the gastrointestinal tract 

• Chief function: enzymatic digestion 

» Axdic gastric sécrétions con\ert food into liquid chime 
o Passes fairlyquicklyinto the duodénum 

• Parts of the stomach 

° Greater culture: long, conuax border 
o Lesser curwature: short, concaua border 
o Cardia: surrounds cardial (esophageal) orifice 
o Fundus: dilated upper part 

■ ft>o\« the level of the esophageal orifice 

■ Dilated byfluid, food, but mainlygas 

■ Separated from esophagus by cardiac notch 
o Body: between fondus and pyloric antrum 

o Pyloric part 

■ Begins at lewal of angular incisure: indentation two thirds of the wayalong the lesser curvature 

■ Widest région: pyloric antrum 

■ Antrum leads to pyloric canal 

■ Pylorus: surrounds pyloric orifice 

■ Pyloric sphincter 

a. Thick, circular middle layer of muscularis externa 

b. Controls passage of chime into duodénum 

c. Normally dosed in tonie contraction, except during peristalsis 

• Three muscle layars: outer longitudinal, inner circular, and innermost oblique 

• Internai surface thrown into numerous longitudinal folds-rugae 

» Gastric canal = longitudinal fold along lesser curvature 
o Forms during swallowing 
o Axommodates the passage of liquid 

• Cowared by peritoneum except where blood vessels run owar it, and owar a small area posteriorto the cardiac orifice 

o Double layar of peritoneum extends between stomach and liwar and duodénum and liver: lesser omentum 
o Two layars of lesser omentum wrap around stomach and leave greater curwature as great omentum 
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• \éscular supply (Section 4-6: Ahdomen-Visœral Vasculature) 

o Ateries 

■ Lefl gastric from œliac trunk 

■ Right gastric from common hepatic artery 

■ Right gastroepiploic (gastro-omental) from proper hepatic or gastroduodenal arteries 

■ Left gastroepiploic from splenic artery 

■ Short gastric arteries (tour to five) from distal splenic artery 

■ Followthe arteries 

■ Right and left gastrics drain to portai vain 

■ Short gastrics and left gastroepiploic drain into splenic \ein—>superiormesenteric\«in (SIVK/) —» portai \ein 

■ Right gastroepiploic drains toSIW 
o Lymphatics 

■ Followthe arteries 

■ Drain into gastric, gastroepiploic, pancreaticosplenic, and pyloric nodes 

• Innervation (Section 4-7: Abdomen-Innervation) 

o Parasympathetic supply 

■ From anterior and posterior vagal trunks 

■ Increase peristalsis and relaxpyloricsphincter 
o Sympathetic supply 

■ From T6-T9 spinal cord segments via great splanchnic nerve to œliac plexus 

■ Inhibit peristalsis and contract pyloric sphincter 


Duodénum 



• First and shortest part of small intestine 

• Follows a C-shaped course around the head of the pancréas 

• Consists of four parts (parts 2 through 4 are rétropéritonéal) 

o Superior (first) part: antérolatéral to body of L1 
■ Ascends from pylorus 
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■ Is connected to liver by hepatoduodenal ligament (part of lesser omentum) 

■ Portai \«in, bile duct, and IVC located posteriorly 
o Descending (second) part 

■ Descends along the right of L1-L3 

■ Contains major duodenal papilla on posteromedial wall = opening of hepatopancreatic ampulla 
o Horizontal (third) part 

■ Crosses inferior vena cava (IVC), aorta, and L3 \ertebra 

■ Is crossed bysuperior mesenteric artery(SIVA) and SIWand rootof mesentery 
o Ascending (fburth) part 

■ /tecends to L2 on the leftside 

■ Curves anteriorlyatthe duodenojejunal flexure 

■ Rexure is supported bythe ligament of Treitz 

• Nâscularsupply (Section 4-6: Abdomen-Visœral Vasculature) 

o Aleries 

■ Gastroduodenal artery branchofcommon hepatic—> superior anterior and posteriorpancreaticoduodenal arteries 

■ SIWK—> anterior and posterior inferior panaeaticoduodenal arteries 

■ Important anastomoses between celiac trunk and SlWtvia duodenal arteries 

■ Follow the arteries 

■ Drain directlyor indirectly into the portai wsin 
o Lymphatics 

■ Follow the arteries 

■ Drain into pancreaticoduodenal, pyloric, superior mesenteric, and celiac lymph nodes 

• Innervation (Section 4-7: Abdomen-Innervation) 

o Parasympathetic supplyfrom the \agus via celiac and superior mesenteric plexuses 
o Sympatheticsupplyvia celiac and superior mesenteric plexuses, tra\eling on pancreaticoduodenal arteries 


Jéjunum and ileum 



Begins at duodenojejunal jundure and ends at ileocecal junction 
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• Together are approximately 6 m long 

• Themesentery 

o Double layered Ibid of peritoneum 
o Mâches jéjunum and ileum to posterior abdominal wall 
o Rootofmesentery 

■ Follows an oblique line 

■ Runs inferiorlyand to the right, from ligament of Treitzto ileocolicjunction 
o Between two layers are SMA, SlVty lymph nodes, fat, and autonomie nerves 

• Jéjunum 

° Approximatelytwo fifths of the length 
o Mainlyintheleftupperquadrant(LUQ) 
o Thick-walled and \eryvascular 

o Approximatelythree fifths of the length 
o Mainly in the right lower quadrant (RLQ) 
o Thin-walled and less vascular 
o Terminâtes at the ileocecal junction 

• Nâscular supply (Section 4-6: Abdomen-Visceral Vasculature) 

o Arteries 

■ Superior mesenteric artery 

■ Fifteen to 18 branches from SIW\to jéjunum and ileum 

■ Branches unité to fbrm loops or arches (arterial arcades) 

■ Arcades giue rise to straight arteries = vasa recta 

■ Double row of arcades to ileum 

■ SlVh/drains ileum and jéjunum 

■ Posterior to neck of pancréas joins splenic uein to form portai vein 
o Lymphatics 

■ Specialised lymphatic vessels that absorb fat = lacteals 

■ Absorbed fat = chyle 

■ Lacteals fbund in villi (finger-like projections of intestinal mucosa) 

■ Lacteals drain to lymphatic plexuses in walls of jéjunum and ileum 

■ Lymphatics pass between the layers of the mesenteryto mesenteric lymph nodes and then to superior mesenteric or 
ileocolic nodes 

■ Lymph drains to dsterna chyli 

• Innenation (Section 4-7: Abdomen-Innervation) 

o Parasympathetic supply 

■ Preganglionicfibers from the posterior vagal trunks 

■ Synapse on postganglioniccells in myentericand submucosal plexuses in intestinal wall 
° Sympathetic supply 

■ Preganglionicfibers from T5-T9 spinal cord segments —>sympathetic trunks —>greaterand lessersplanchnicnenes 

■ Synapse on postganglionic cells in celiac and superior mesenteric ganglia 


Large intestine (colon) 
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[Plate 276, Mucosaand Musculature of Large Intestine] 
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• CharacterizBd by 

o Teniae coli: 3 thickened longitudinal bands of musde (absent from appendix and rectum) 
o Haustra: sacculations ofthe colon caused byteniae coli 
o /Appendices epiploicae: fattylobules ofomentum 

° Blind pouch, approximately 7.5 cm in diameter 

o No mesentery but may be bound to the abdominal wall by cecal folds of peritoneum 
o Invaginated by ileum to form the ileocecal wal\e-does not pre\ent reflux 
o \&rmiform appendix 

■ Aises from the posteromedial side of cecum 

■ Usuallyretrocecal 

■ Has a short mesentery from cecum: mesoappendix 

■ Supplied by appendicular arteryffom ileocolic artery 

o \âscular supply ileocolic artery and \ein, with lymph to ileocolic nodes 
o Nerves: sympathetic and parasynpathetic nenes from the superior mesenteric plexus 

■ Parasympathetic fibers from \agus nerves 

■ Sympathetic fibers from lower thoracic spinal cord segments 

• /tecending colon 

o On right side ofposterior abdominal wall 

o Extends from cecum to li\er, where ittums at right colicflexure (hepatic flexure) 
o Is secondarilyretroperitoneal 
o \âscular supplyfrom branches/tributaries of SIW/SIW 

■ Ileocolic artery and \ein 

■ Right colic artery and \ein 

» Lymphatics to epicolic and paracolic nodes 
o Nerve supplyfrom the superior mesenteric plexus 

• Transverse colon 

o Extends from hepatic flexure on the right to splenic flexure on the left 
o Largest and most mobile section of colon 

o Atached to posterior abdominal wall by its mesentery the transverse mesocolon 
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o Vbscular supplyfrom branches/tributaries of SMNSW 

■ Leflcol i c artery and \ai n 

■ Right colic artery and vain 

■ Mddlecolicarteryandvain 

o Lymphatic drainage to middle colic nodes 
o Nerva supply 

■ Superior mesenteric plexus along right and middle colic arteries 

■ Inferior mesenteric plexus along left colic arteries 

• Descending colon 

o On left side of posterior abdominal wall 
o Extends from splenic flexure to sigmoid colon 
o Is secondarilyretroperitoneal 
» May ha\a a short mesentery in one third of people 
o \£scular supplyfrom branches/tributaries of IMA/IMV/ 

■ Left colic artery and vein 

■ Superior sigmoid artery and vein 

o Lymphatic drainage to the epicolic and paracolic nodes 
o Innervation 

■ Sympathetic fibers from the lumbar sympathetic trunk and superior hypogastric plexus 

■ Parasympathetic fibers from the pelvic splanchnic nervas 

• Sigmoid colon 

o S-shaped loop of variable length 

o Links descending colon with rectum 

o Long mesentery with a Vshaped root: sigmoid mesocolon 

o \£scular supplyfrom branches/tributaries of inferior mesenteric artery (IMA)/inferior mesenteric vein (IMV) 

■ Left colic artery and vein 

■ Superior sigmoid artery and vein 

o Lymphatic drainage to the epicolic and paracolic nodes 
» Innervation 

■ Sympathetic fibers from the lumbar sympathetic trunk and superior hypogastric plexus 

■ Parasympathetic fibers from the pelvic splanchnic nervas 

• Rectum and anal canal (Section 5-9: Pelvis and Perineum-Rectum and Anal Canal) 

o Rectum 

■ Begins anteriorto the bodyof the S3 \ertebra 

■ Is approximately 15 cm long 

■ Connects sigmoid colon and anal canal 

■ Fi>ed, and continuous with the anal canal 
o Anal canal 

■ Begins at distal end of rectal ampulla 

■ Extends from pelvic diaphragmto anus 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


Hiatus hernia 

• Herniation of partof the stomach through the esophageal hiatus of the diaphragm 

• May cause pain and discomfort and prédisposé to reflux of gastric contents 

• Sliding hemias irnelve the cardia of the stomach sliding superiorly 

• Rolling hernias (less common) in\el\e part of the fundus extending through the hiatus 

Congénital hypertrophie pyloric stenosis 

• Thickeningofsmooth muscle of the pylorus 

• Causes seuare stenosis of the pyloric canal 

• Gastric emptying is greatly reduced and typically leads to the présentation of projectile wmiting Ibllowing a feeding 

• Mare common in males, and usually présents 3 to 8 weeks after birth 

• Diagnosis made bypalpating a pyloric mass in the right upper quadrant (RUQ) during a test feeding 

Intestinal volvulus 

• Rotation of a loop of bowel upon its mesentery 

• May cause acute bowel obstruction 

• Can compromise the vascular supply leading to ischaemia, infardion, and exentually necrosis 

• Mast commonlyoccurs in the mobile small bowel, but mayalso affect the sigmoid colon, owing to the length of its mesentery 

• Prompt surgirai décompression may be required, although passage of a flatus tube is usuallysuflicient in rases of sigmoid wlvulus 

Mnemonics 

Memory Aids 


Stomach Parts: 

"The CARis RJN ’til the BODYPILES 


This relates to the four parts of the stomach: 


CAR 

Cardiac 


FUN 

Fundus 


BODY 

Body 


PILES* 

Pylorus 


"The pylorus is vJiere the foodpiles weiting for the sphincter to open 

Memo ry Aids _ 


Bowel segments: 

Dow Jones Industrial Averages Closing Stock Report 

Dow 

Duodénum 

Jones 

Jéjunum 

Industrial 

lleum 

Averages 

Appendix(attached to cecum) 

Closing 

Colon 

Stock 

Sigmoid 

Report 

Rectum 


Memory Aids 


|Sphincters of the gastrointestinal tract: 

APEOIL 

A 

Anal 

P 

Pyloric 

E 

Esophageal (lower) 

O 

Oddi 

IL 

lleoceral 
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28 Viscera (Accessory Organs) 

STUDYAIMS 

At the end of your study, you should be able to: 


• Describe the structure of the liver, its relations, and neurovascular supply 

• Describe the structure of the gallbladder, its neurouascular supply and understand the biliary System 

• Describe the structure of the pancréas, its relations, and neurouascular supply 

• Describe the structure of the spleen, its relations, and neurovascular supply 
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GUIDE 

Abdomen: Viscera (Accessory Organs) 

Liver 



[Plate 277, Surfaces and Bed of Liver] 
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[Rate 278, Liver in Situ: Vascular and Duct Systems] 
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Largest gland in the body(approximately 1.5 kg) 


» Smooth diaphragmatic surface, covered by peritoneum except over bare area 
o Reflection of peritoneum from the diaphragm to liver fbrms the coronaryligament 

■ Has anterior and posterior layers 

■ Where layers meet on right = right triangular ligament 

■ Posterior layer is continuous with lesser omentum 

o Left triangular ligament formed bythe faldform ligament and lesser omentum 
o Viscéral surface 

■ Separated anteriorly from anterior and superior surfaces by Sharp inferior border 

■ Covered by peritoneum exceptât the porta hepatis and bedofthegall bladder 

■ Relatedto: Rightsideofanteriorstomach 

■ First part of duodénum 

■ Gall bladder 

■ Right colicflexure and transverse colon 

■ Right kidneyand suprarénal glands 

• Ligaments 

o Faldform ligament 

■ Peritoneal reflection from upper anterior abdominal wall from umbilicus to liver 

■ Has ligamentum teres hepatis (round ligament) in free edge 
o Ligamentum teres hepatis (round ligament of liver) 

■ Rbrous remnantofumbilical vein 

■ Extended from umbilicus to liver 
o Ligamentum venosum 

■ Remnant of the ductus venosus 

■ Extended in fétus between the umbilical vein and inferior vena cave (MC) 

• Recesses: 

o Subphrenic recess séparâtes liver from diaphragm (split by faldform ligament) 
o Hepatorenal recess 

■ On the right side 
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Séparâtes liver anteriorly from kidneyand suprarénal gland posteriorly 


o Left, right, caudate, quadrate 

o Functional "left Nver” indudes left lobe, caudate and quadrate lobes 

• Porta hepatis 

o Transverse fissure on viscéral surface between caudate and quadrate lobes 
o Provides entrance/exit for: 

■ Portai vein 

■ Hepatic artery 

■ Hepatic nerve plexus 

■ Hepatic ducts (left and right converge to fbrm the common hepatic duct) 

■ Lymphaticvessels 

• Nâscularsupply (Section 4-6: Abdomen-Visœral Vasculature) 

o Liver receives blood from 

■ Portai vein (70%) 

■ Hepatic artery (30%) 
o Hepatic veins (3) 

■ Formed by union of central veins 

■ Drain directlyinto the IVC inferior to diaphragm 
o Lymphatics 

■ Drain mainly to the hepatic nodes at the porta hepatis 

■ From hepatic nodes ->celiac nodes —> dsterna chyli 

• Nervous supply (Section 4-7: Abdomen-Innervation) is derived from the hepatic ner\e plexus 

« Axompanies branches of hepatic artery and portai \«in 
o Sympathetic fibers from celiac plexus 
o Parasympathetic fibers from anterior and posterior vagal trunks 
o Rôle unknown e>cept for \«soconstriction 


Gallbladder 



Lies in fossa at junction of right and left lobes of liver 
Connected to liver byfibrous capsule of liver 
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• Stores bile produced bythe liver 

• Paris 

o Fundus-located at tip of ninth costal cartilage 
o Body-also in contact with transverse colon and first part of duodénum 
o Neck 

■ Has S-shaped bend to joint cystic duct 

■ IVLicosa thrown into a spiral fbld-the spiral valve-to keep c^stic duct open 
o C^stic duct connecte to common hepatic duct to Ibrm the common bile duct 

• Nâscularsupply (Section 4-6: Abdomen-Visœral Vasculature) 

o Artery cystic arteryfrom right hepatic artery 
o Cysticveins 

■ Vfeins draining neck and biliaryducts emptyinto portai vein 

■ Vfeins draining the bodyand fundus drain direcUy into the liver 
o Lymph drains to the hepatic nodes 

• Nerveus supply (Section 4-7: Abdomen-Innervation) 

o Sympathetic from celiac plexus 
o Parasympatheticfromvegus 
o Sensoryfrom right phrenic 


Pancréas 




• Lies rétropéritonéally and transverselyacross posterior abdominal wall 

• Digestive gland with ewjcrine and endoaine functions 

o Exocrine: sécrétion of digestive juices 
o Endocrine: sécrétion of insulin and glucagon 


■ EncirdedbyC-shapedcuneof duodénum 

■ CXerlies l\C, left and right rénal \eins and right rénal artery 

■ Contains embedded bile duct 
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■ Has a projection from inferior part-the incanate process-that extends to the left 
o Neck: 

■ Overlies superior mesenteric uessels 

■ Is adjacent to pylorus of stomach 

■ Superior mesenteric vein (SIW) joins splenic vein to form portai \ein posterior to neck 
o Body 

■ Crosses bodyofL2andaorta 

■ Lies in floorof omental bursa 

■ Related anteriorlyto the stomach 

■ Is in contact posteriorly with aorta, superior mesenteric artery (SMft), left suprarénal gland, left kidney, and related vessels 

o Tail 

■ Lies anteriorto the left kidney 

■ Related to hilum of spleen and leftcolicflexure 

• Main pancreaticduct 

o Begins in the tail and runs towards the head 

o Tums inferiorlyto join common bile ductto form hepatopancreaticampulla (ofVëter) 

■ Opens on major duodenal papilla in descending portion of duodénum 

■ Surrounded by the sphincter of Oddi-smooth muscle 

• Axessory pancreatic duct 

o Opens at summit of minor duodenal papilla 
o Can connect with main pancreatic duct (60% of time) 
o Can be main duct for pancreatic sécrétions 

o Variation as a resuit of type of fusion or lackof fusion of dorsal and \entral pancreatic ducts during embryonic development 

• \bscular supply (Section 4-6: Abdomen-Visœral Vasculature) 

o Ateries 

■ Mainly from branches of splenic artery 

■ Aso from gastroduodenal, superior mesenteric, superior, and inferior pancreaticoduodenal arteries 

■ Mainly drain to splenic vein 

■ Aso drain toSIWandthen portai vein 

o Follow blood vessels 

o Mainly drain intothe pancreaticosplenic nodes along splenic artery 

• Nervous supply (Section 4-7: Abdomen-Innervation) 

o From the vagus 
o From thoracic splanchnic nerves 

o Fibers from celiac and superior mesenteric plexuses pass along arteries 


Spleen 

• Largestlymphaticorgan.veryvascular 

• Located in left upper quadrant (LUQ) 

• Related posteriorly with ribs 9 to 11 (separated by diaphragm) 

• Covered by peritoneum exceptât the hilum 

• Surrounded by a thin capsule of libroelastic connective tissue 

• Relations: 

o Aiterior: stomach (gastrosplenic ligament) 
o Posterior: diaphragm 
o Inferior: splenic flexureofcolon 
o Médial: left kidney (splenorenal ligament) 

° Tail of pancréas extends to hilum 

• Ligamentous attachments 

o Gastrosplenic ligament to greater cunafore of stomach 
o Splenorenal ligament to left kidney 
o Both ligaments attach to hilum 

° Spleen sits on phrenicocolic ligament (sustentaculum lienis) 

• \bscular supply (Section 4-6: Abdomen-Visœral Vasculature) 

o Atery splenic artery 

■ Twisted course from origin at celiac trunk 

■ Divides into five or more branches that enter at the hilum 

■ Lack of anastomoses between branches results in two to three vascular segments with avascular planes in between. 
o \fein: splenic vein 

■ Formed from several tributaries at the hilum 

■ Runs to the right behind body and tail of pancréas 

■ Joins the SlVk/to form the portai vein 

o Lymph: drains to the pancreaticosplenic nodes 

• Nervous supply (Section 4-7: Abdomen-Innervation) 

o Derived from the celiac plexus 
o Travels along branches of splenic artery 
o Xésomotor fonction 
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FACTS & HINTS 

High-Yîeld Facts 

Anatomie Points 

The porta hepatis is the cross barofan "H"on theviscéral surface ofthe liver. The rightarm ofthe H is fbrmed bythe inferiorvena cava and the gall 
bladder. The left arm is fbrmed bythe fissure for the ligamentum teres hepatis and the fissure for the ligamentum venosum. 

Clinical points 


Gallstones (cholelithiasis) 

• Stone-like deposits are commonlyseen in the gallbladder 

• Iftheyobstructthecysticduct, can cause pain in the right upper quadrant (RUQ), especiallyafterconsumption ofafattymeal. 

• Pain typically cornes and goes (biliary colic) and may be assodated with nausea and vomiting. 

• Secondary inflammation of the gallbladder leads to constant pain, and is often the trigger to seeking medical attention. 

• If the gallstones pass furtherdown, theymayobstruetthe biliarysystem causing jaundice, or the pancreaticduct causing pancreatitis. 

Splenic rupture 

• Spleen is the most commonlydamaged abdominal organ, despite being protected bythe ribeage. 

• Trauma causing rib fracture or sudden increases in intra-abdominal pressure (such as being impaledagainstasteering wheel in a road 
traffic aeddent) may resuit in rupture of the spleen. 

• Bleeding is typically profuse owing to its thin capsule and soft parenchyma. 

Subphrenic abscess 

• Subphrenic recess is a common site for pus to accumulate. 

• Right-sided abscesses are more common owing to the inddence of perforation of an inflamed appendix 

• Pus usually tracks into the hepatorenal recess in the supine position, and is best drained inferior to the 12th rib (avoiding puncture of the 
pleura). 

Mnemonics 

Memor y Aids _ 

E Spleen: ''1,3,5,7,9,11" 

It measures 1 x3 x5 inches, weighs 7 ounces and lies between ribs 9 and 11 
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29 Viscéral Vasculature 

STUDYAIMS 

At the end of your study, you should be able to 

• Knowthe unpaired branches of the abdominal aorta 

• Know the major branches of the celiac trunk, superior mesenteric artery and inferior mesenteric artery 

• Knowthe unpaired branches of the abdominal aorta and their distribution of blood 

• Understand the two types of «nous drainage from the abdomen 

• Describe the formation of the hepatic portai vein from the splenic and superior mesenteric \«ins 

• Knowthe tributaries of the splenic and superior mesenteric \«ins 

• Describe the lymphatic drainage of the abdomen 
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GUIDE 

Abdomen: Viscéral Vasculature 

Arterial supply: Unpaired branches of the abdominal aorta (Section 4-2: Abdomen-Body Wall) 
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Gastroduodenal artery Celiac trunk 

[Rate 285, Celiac Arteriogram] 
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Postent» view 

[Rate 286, Arteries of Duodénum and Head of Pancréas] 


o Anses atT12 
o Supplies 

■ Lower one third of esophagus 

■ Stomach 

■ Firstand second parts of duodénum 

■ Pancréas 

■ Spleen 

■ Biliarysystem 
o Branches 

■ Left gastric artery 

■ Common hepatic artery 

■ Splenic artery 
o Left gastric artery 

■ Supplies distal esophagus and lesser curuature of stomach 

■ Anastomosis with right gastric artery 
o Splenic artery 

■ Supplies bodyof pancréas and spleen directly 

■ Branches: 

a. Leftgastroepiploic: supplies leftside ofgreatercurvature of stomach, anastomoses with right gastroepiploic 

b. Short gastric arteries: supplyfündus of stomach 
o Common hepatic artery 

■ Extends retroperitoneallyto the right to reach hepatoduodenal ligament 

■ Dindes into gastroduodenal and proper hepatic arteries 

■ Gastroduodenal artery branches: 

a. Superior pancreaticoduodenal supplying the head of pancréas and proximal duodénum 

b. Right gastroepiploic artery supplying right side of greater curwature of stomach 

■ Proper hepatic branches: 

a. Right and left hepatic arteries to right and left lobes of liver 
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b. Right gastric arteryto right portion of lesser curuature of stomach 

c. Cystic artery usuallyfrom the right hepatic artery supplies the gallbladder and cystic duct 

• Superior mesenteric artery (SMA) 

o Aises at L1 

o Supplies the gut from the second part of duodénum as far as the distal one third of the trans\srse colon 
o Major branches indude: 

■ Inferior pancreaticoduodenal 

a. Supplies duodénum (distal to entryof bile duct), pancréas, and spleen 

b. Aiastomosis with superior pancreaticoduodenal 

■ Jejunal and ileal branches 

a. Form anastomotic loops (arterial arcades) 

Fewer large loops in jéjunum 

Many shorter loops in ileum 

b. Loops gi\s offvasa recta (straight arteries) 

Longer in jéjunum 

Shorter in ileum 

■ lleocolic artery 

a. Supplies caecum and some of the ascending colon 

b. Supplies appendixwa appendicularbranch 

■ Right colic artery supplies ascending colon and proximal transwerse colon 

■ Mddle colic artery supplies proximal two thirds of trans\srse colon 

• Inferior mesenteric artery (IMA) 

o Aises at L3 

o Supplies distal one third of the transwerse colon -» proximal rectum 
o Branches indude: 

■ Left colic artery supplies distal trans\erse, descending and sigmoid colon 

■ Superior sigmoid artery(ies): supplies sigmoid colon 

■ Superior rectal artery (terminal branch of inferior mesenteric): supplies proximal rectum 

• Médian sacral artery 

o Aises from posterior aspectofaortajustabove bifurcation 
o Descends to supply lower lumbar uertebrae, sacrum and coccyx 


Arterial supply: Paired branches of the abdominal aorta 
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• Inferior phrenic arteries 

o First branches of abdominal aorta (or from celiac trunk) 
o Supplyinferiorsurfaceofdiaphragm 

o Giva rise to sixto eightsuperior suprarénal arteries on eitherside 

• Mddle suprarénal arteries 

o One or more on either side 
o Originatefrom aorta nearorigin of celiac trunk 

• Rénal arteries 

o A-ise at levai of L1/L2 intervertébral dise 

o Right rénal artery longer and passes posterior to inferior vena cava (IVC) 
o Divide close to hilum into five segmentai end arteries 

• Gonadal arteries 

o A-ise inferior to rénal arteries but superior to inferior mesenteric 
o May arise at different levels on either side 

o Run anteriorto ureters, cross origin of external iliac vassels in suspensoryligamentof ovaryand enter broad ligament 
o Divide into ovarian and tubal branches to supplyovaryand uterine tube 
o Branches anastomose with correspondinglynamed branches of uterine artery 

• Lumbar arteries 

o Usuallyfour pairs 

o Given off from posterior aspect of aorta 
o Each givas off a dorsal branch 

■ Supplies musculature of back 

■ Gvas off a spinal branch to vertébral column and spinal roots 
o Restof arterysupplies antérolatéral abdominal wall 

• Common iliac arteries 

o Formed by bifurcation of aorta at level of iliac crest (slightiy below level of umbilicus) 
o Follow médial borders of psoas muscle to pelvic brim 
o Bifurcate into internai and external iliac arteries at pelvic brim 
o Supply pelvcviscera and lowerlimb 


Venous Drainage (Section 4-2: Abdomen-Body Wall) 


• Vfeins draining the abdominal viscera are tributaries of one of two venous Systems 

o Inferior vena cava 
o Portai vein 

• No vein équivalent to celiac trunk or gastroduodenal vein 

• Splenic vein and superior mesenteric vein unité to form the portai vein 

o Tributaries of the splenicvein 

■ Inferior mesenteric vein and its tributaries (leftcolic, sigmoid, superior rectal) 

■ Pancreaticveins 

■ Leftgastroepiploicvein 

■ Short gastrieveins 

o Tributaries of the superior mesenteric vein 

■ Inferior pancreaticoduodenal vein 

■ Right gastroepiploic vein 

■ Right colic vein 

■ lleocolicvein 

■ Jejunalveins 

■ lleal vains 

o Vfeins draining directly into portai vein 

■ Superior pancreaticoduodenal 

■ Left and right gastric vains alsomay 
o Tributaries of the IVC 

■ Common iliac vains 

■ Lumbar vains 

■ Enter IVC in irregular pattern 

■ Second lumbar vein may enter left rénal vein 

■ Anastomose with tributaries ofepigastric vains 

■ Ae connected to each other on either side by a vertical anastomotic channel, the ascending lumbar vein 

■ /tecending lumbar vains connect with azygos vein on the right and hemiazygos vein on the left 

■ Right gonadal vein (left drains to left rénal vein) 

■ Right and left rénal vains 

■ Right suprarénal vein (left drains to left rénal vein) 

■ Right inferior phrenic vein (left drains to left rénal vein) 

■ Flepatic vains 

■ Two to three in number 

■ Emptyinto l\Cjust below diaphragm 

■ Blood from the hepatic portai vein constitutes approximately 70% of the livaris blood supply 

Lymphatic Drainage (Section 4-2: Abdomen-Body Wall and Section 4-4: Abdomen-Viscera (Gut) and 4-5: Abdomen-Viscera 
(Accessory Organs) for spécifie organs) 
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Lymphatics generallyfollowarteries 

Drain to local, then régional lymph nodes (lumbar, celiac, superior, and inferior mesenteric nodes) 
Main lymphaticducts of abdomen from régional nodes 
o Intestinal lymphatic trunks (single or multiple) 
o Right and left lumbar lymphatic trunks 
Thoracic duct 

o Begins witb union of main lymphatic duels of abdomen, unless cistema Chili is présent 
o Ascends into thoracic through aortic hiatus in diaphragm 
Cistema Chili 

o Thin walled sacordilation at union of main lymphaticducts of abdomen 
o Drains to thoracic duct 
o If présent, occurs at the level of L1/2 
o Notseen in ail individuals 
o Canuaryinsiæandshape 



FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 

Portai Hypertension 

• Raised \enous pressure within the portai circulation. 

• Résistance to portai blood flow mayoccur due to intrahepatic obstruction (fibrosis ofthe liverfrom drrhosis) 

• Résistance mayalso occur as a resuit of posthepatic obstruction (such as heart feilure or Budd-Chiari syndrome) or prehepatic obstruction. 

• Clinical conséquences are ascites in the abdomen, congestive splenomegaly hepatic encephalopathy, and the enlargement of portocaval 
\enous anastomoses 


Clinical Points 

Budd-Chiari Syndrome 

• Caused byhepatic vein obstruction (for example bythrombosis ortumors) 

• Patients présent with acute epigastric pain and shock 

• May also hâve insidious portai hypertension, ascites, jaundice, and drrhosis 

• Surgerymayrelieve the obstruction 

• Li\er transplantation may be needed 


Clinical Points 

Abdominal Aortlc Aneurysm 

• Localized enlargement ofaorta as a resuit of congénital oracquired weakness ofwall 

• Pulsations can be detected left of midline 

• Common site is just abo\e bifurcation of aorta to common iliac arteries 

• Unrecognized rupture of an aneurysm has 90% mortalityrate 
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30 Innervation 

STUDYAIMS 

At the end of your study, you should be able to: 


• Describe the parasympathetic contribution to the autonomie innervation of abdominal viscera 

• Describe the sympathetic contribution to the autonomie innervation of abdominal viscera 

• Understand the organization of the autonomie plexuses of the abdomen 

• Describe the somatic innervation of the abdominal wall 

• Knowthe branches ofthelumbar plexus 

• Understand the principle of referred pain and describe common patterns of pain referral from the abdominal 



GUIDE 

Abdomen: Innervation 
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[Hâte 302, Autonomie Innervation of Large Intestine] 
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[Plate 304 Autonomie Reflex Pathways: Schéma] 


o Preganglioniclïbres 

■ Provided byvagus ner\e and sacral splanchnic nerves 

■ Synapse with postganglionic fibres in the walls of the relevant organs 
o \âgus nerva (CN X) 

■ Gve rise to anterior and posterior vagal trunks in thorax 

■ Trunks enter abdomen at the esophageal hiatus 
» Anterior taink(mainlyfrom the lett vagus) 

■ Enters anterior to the esophagus 

■ Gvas branches to the anterior surface of the stomach and to the livar 
» Posterior trunk (mainlyfrom the right vagus) 

■ Enters posterior to the esophagus 

■ Givas branches to the posterior surface of the stomach and celiac plexus 

■ Fibers pass inferioriytorootofsuperiormesentericartery 
o Fibers contribute to perivascular plexuses 

■ Accompanying celiac and superior mesenteric artery and their branches 

■ Extend as taras the arterial supply [tvio thirdsofthe wayalong the transverse coton) 
o Pelvic splanchnic nerves 

■ From spinal cord levels S2-S4 

■ Emerge through pelvic sacral fbramina 

■ Ascend from pelvis running in sigmoid mesocolon and peritoneum of posterior abdominal wall 

■ Supply distal one third of transverse colon, descending colon, sigmoid colon, and superior rectum 
o Postganglionic (postsynaptic) parasympathetic neurons found in enteric ganglia in wall of viscus 

• Sympathetic nerves 

o Right and left sympathetic trunks 

■ Enter behind the médial arcuate ligament of the diaphragm 

■ Descend along psoas major, with right trunk behind inferior vana cava (l\C) 

■ Lie on antérolatéral sides of lumbar vartebrae 

■ Receive white rami communicantes from, and send grayrami communicantes to, ventral rami of L1-L3 spinal nerves 
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■ Postganglionic fibers in gray rami communicantes to corresponding ventral rami ofspinal nenes distributed to the bodywall 
and lowerlimb 

■ Q\e offthree to four lumbar splanchnic nenes (presynaptic sympathetic fibers) mediallyto: 

■ Intermesenteric plexus 

■ Inferior mesenteric plexus 

■ Superior hypogastric plexus 

■ Postsynaptic fibers from these plexuses innene nearbytarget organs. 
o Sympathetic (paravertebral) ganglia 

■ Total of four abdominal sympathetic ganglia pertrunk 
o Prevartebral sympathetic ganglia 

■ Cell bodies of postsynaptic sympathetic neurons 

■ Found in plexuses around roots of major branches ofaorta 

• Aortic plexuses 

o Network of parasympathetic and sympathetic nenes 

■ Parasympathetic mainlyfrom posterior vagal trunk (see above) 

■ Sympathetic fibers from thoracic and lumbar splanchnic nenes (Section 3: Thorax) 
o Contain prevertebral ganglia 

o Indude: 

■ Celiac plexus 

■ Aorticorenal plexus 

■ Rénal plexus 

■ Superior mesenteric plexus 

■ Intermesenteric plexus 

■ Inferior mesenteric plexus 

o Perivescular plexuses derived from the aortic plexuses 
o Viscéral afferent fibers 

■ Carrypain information 

■ Travel with sympathetic fibers back to spinal cord 

• Referred pain 

o Information carried by viscéral afferent fibers 

o Fibers travel back to T5-L2/3 spinal cord levels via thoracic and lumbar splanchnic nerves 

o Clinical phenomenon of referred pain is viscéral pain perceived as somatic pain over the dermatomes innervated by cutaneous 
nerves with fibers from those spinal cord levais: 


Organ 

Spinal Levai 

Area of Referred Pain 

Stomach 

T5-T9 

Epigastric or left hypochondrium 

Duodénum 

T5-T8 

Epigastric or right hypochondrium 

Jéjunum 

T6-T10 

Periumbilical 

lleum 

T7-T10 

Periumbilical 

Caecum 

T10-T11 

Periumbilical or right lower quadrant 

Appendix 

T10-T11 

Periumbilical, then to right iliacfossa 

Ascending colon 

T10-T12 

Periumbilical or right lumbar 

Sigmoid colon 

L1-L2 

Left lower quadrant 

Spleen 

T6-T8 

Left hypochondrium 

Livar&gallbladder 

T6-T9 

Epigastric, laterto right hypochondrium 

Pancréas 

T7-T9 

Inferior epigastrium 

Kidney 

T10-L1 

Small of back, flank 

Ureter 

T11-L1 

Loin to groin 


Somatic Nerves 

• Thoracoabdominal nerves 

» Vfentral primaryrami of T7-T11 

o Travel in the neurovascular plane between the internai oblique and transversus abdominis muscles 
o Innervate antérolatéral abdominal wall, induding pariétal peritoneum 

• Subcostal nervas 

o Vfentral primaryrami ofT12 
o Followthe inferior border of the 12th rib 
o Enter abdomen behind latéral arcuate ligaments 

o Cross quadratus lumborum musdes and pierces transvarsus abdominis musdes to enter neurovascular plane 
o Innervate antérolatéral abdominal wall (induding pariétal peritoneum) 

• Lumbar plexus 

o lliohypogastric nerva (L1 ) 

■ Divides into latéral and anterior cutaneous branches 

■ Pierces internai and extemal oblique musdes 

■ Supplies buttocks and suprapubic région 
o llioinguinal nerva (L1) 

■ Travals in inguinal canal 

■ Joins spermatic cord after pierdng internai abdominal oblique (Note: does not enter inguinal canal through deep inguinal 
ring) 

■ Provides cutaneous branches to skin of inguinal région 
o Genitofemoral nerva (L1,2) 

■ Emerges from anterior surface of psoas major musde 

■ Génital branch enters deep inguinal ring to innervate the cremaster musde 

■ Fémoral branch passes beneath inguinal ligament in vascular compartment to enter fémoral triangle and provides 
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cutaneous branches to anteromedial thigh 
o Latéral fémoral cutaneous nerre (L2,3) 

■ Passes beneath orthrough inguinal ligament, médial to anteriorsuperior iliacspine (A3IS) 

■ Innerretes antérolatéral thigh 
o 0bturatornerve(L2-L4) 

■ Emerges from médial border of psoas major muscle 

■ Passes through pelvis 

■ Exits via obturator canal 

■ Supplies skin and adductor muscles of médial thigh 
o Fémoral nerve (L2-L4) 

■ Emerges from latéral psoas major muscle 

■ Innervâtes iliacus 

■ Passes beneath inguinal ligament on surface of iliopsoas muscle in muscular compartiment 

■ Enters fémoral triangle to innerretefle>ors ofthe hip/extensors of leg atknee, and skin of anterior thigh, médial aspect of leg 
and foot. 

o Lumbosacral trunk (L4,5) 

■ Enters pelvis passing orer ala of sacrum 

■ Contributes to formation of sacral plexus with rentrai rami of SI -S4 spinal nerres 
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FACTS & HINTS 

High-Yîeld Facts 

Anatomie Points 

Autonomie innervation of the abdominal viscera 

• Aperivascular plexus of neruss accompanying the arterial supply to each organ provides autonomie innenation to the abdominal viscera. 

• Each plexus has sympathetic and parasympathetic input, both with motor and sensory divisions. 

• IVbtor control governs glandular seaeton, smooth muscle activity and vascular tone. 

• Merent nerves médiate distension of organs and tension on mesenteries. 
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31 Kidneys and Suprarénal Glands 

STUDYAIMS 

fit the end of your study, you should be able to: 

• Describe the structure of the kidneys, their immédiate anatomie relations, and neurovascular supply 

• Understand the arrangement of perirenal fat, pararenal fat, and rénal fascia 

• Describe the course of the ureters, points of constridion along their path, and their neurovascular supply 

• Describe the structure of the suprarénal glands and their neurovascular supply 

• Know the products of the suprarénal cortex 

• Understand the products of the medullarycells and the relationship of these cells to the sympathetic nervaus System 
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GUIDE 

Abdomen: Kidneys and Suprarénal Glands 
Kidneys 
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• Composed of 1 to 4 million nephrons 


• Structural parts of a nephron 

o Rénal corpusde 
o Proximal convoiuted tubule 
o ThinandthicklimbsofloopofHenle 
o Distal convoiuted tubule 
o Collecting ducts 

• Returns nutrients and necessary salts and Chemicals to the blood 

• Lie on posterior abdominal wall atthe level T12-L3 

• Leftkidneylies higherthan rightbecauseofrightlobeofliwer 

• Anatomie relations: 

° Superoposterior: diaphragm 
o Inferoposterior: quadratus lumborum 

o Anterior (right): Huer (separated by hepatorenal recess), duodénum and ascending colon 
» Anterior (left): stomach, spleen, pancréas, jéjunum, descending colon 

• Médial margin (concaue) = hilum 

o Rénal arteryenters 

o Rénal wein (artery posterior to vein) and rénal pelvis (posterior to vessels) exit 
o Entrance to space within kidney: rénal sinus 

• Anatomical structures of the kidney 

o Superior and inferior pôles 
o Hilum 

o Rénal sinus: expansion of proximal end of ureter 

■ Dindes into two to three major calices 

■ Each major calyxdivides into two to three minor calices 

■ Each minor calyxendrdes a rénal papilla: apexof rénal pyramid 

■ Outerlayerof kidney 
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■ Contains glomerulus, rénal corpusde, proximal and distal convoluted tubules, proximal collecting ducts 
o Medulla 

■ Innerlayerofkidney 

■ Divided into 10 to 18 pyramidal blocks of tissue: medullarypyramids 

■ Contains thickand thin limbs of loops of Henle, distal parts of proximal and distal convoluted tubules, distal collecting ducts 

• Rénal fasda 

o Séparâtes, but endoses kidneys and suprarénal glands with surrounding perirenal fat 
o Continuous superiorlywith fasda of diaphragm 
o Helps to hold kidneyin relati\elyfixed position 

• Perirenal fat 

o Continuous at hilum with fat in the rénal sinus 
o Surrounds kidneyand suprarénal gland 
o Cushions and helps to hold kidneyin relativelyfined position 

• Pararenal fat 

o Extemal to perirenal fat and rénal fasda 
o Mostobvious posteriorly 

o Cushions and helps to hold kidneyin relati\«lyfi>ed position 

• Nâscularsupply 

o Right and left rénal arteries 

■ Branches of aorte (at L1/2), with the right passing posteriorto the inferiorusna cave (IVC) 

■ Lie anterior to rénal pelvis 

■ Each artery divides into five segmentai end arteries; four anterior segmentai arteries and one posterior segmentai artery 
o Right and left rénal veins 

■ Anterior to rénal arteries 

■ Left passes anterior to the aorta and posterior to descending superior mesenteric artery (SM^ = so-called nutcracker 
o Lymphatics 

■ Follow the rénal veins 

■ Drain into the lumbar (aortic) lymph nodes 

• Nerves (Section 4-7: Abdomen-Innervation) 

o From rénal plexus 

o Parasympathetic fibers fforn the vegus nerve 
° Sympathetic fibers from the thoracic splanchnic nernes 




• Rétropéritonéal, muscular ducts from rénal pelvis to urinary bladder 

• Constricted at three sites along course: 

o Junction of ureter and rénal pelvis 
o /te they cross the pelvicbrim 
o In wall of urinarybladder 
o Potential sites of obstruction of urinarycalculi 

• \fascularsupply: 

o Alertes are branches from 

■ Rénal arteries 

■ Gonadal arteries 

■ Anrta 

■ Can divide into ascending and descending branches 

■ Freelyanatomise 

o Vfeins drain into the rénal and gonadal veins 
o Lymphatics 

■ Join the rénal lymphatic \essels 

■ Or pass direcliy to lumbar (aortic) and common iliac nodes 

• Nervous supply 

• From the rénal, aortic, superior, and inferior hypogastric plexuses 

• Viscéral afferent fibers (pain) follow sympathetic fibers toT11-L2 spinal cord segments 

Suprarénal (adrenal) glands 

• Endocrine glands concemed with metabolism 

• Fla\e different shapes 

o Triangular right gland 
o Semilunar left gland 

• Located between upper pote of kidneyand diaphragm 

• Surrounded by perinephric fat, inside the rénal fasda 

• Anatomie relations: 

» Right gland 

■ Anterior to diaphragm 

■ Contacts IVC and li\er 

o Left gland related to spleen, stomach, and left crus of diaphragm 
o Parts 

■ Cortexand medulla 

■ Fla\e different embryologie origins and fonctions 

• Derived from mesoderm 

• Sécrétés 


Glucocorticoids 
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o Mneralocorticoids 
° Corticosteroids 

• Sécrétions affect kidneys to control sodium and water rétention 

• IVfedulla 

o Primarilynerva tissue filled witti sinusoids and capillaries 
o Medullarycells derived from neural crest cells: chromaffin cells 
o Are innerwated bypreganglionic (presynaptic) sympathetic neurons 

■ Act as postganglionic (postsynaptic) neurons 

■ Secrete adrénaline (epinephrine) and noradrenaline (norepinephrine) 
o Sécrétions lead to typical sympathetic response to traumatic stress 

■ Increase heart rate and blood pressure (BP) 

■ Dilate bronchioles 

• Vëscularsupply: 

o Arteries 

■ Superior suprarénal arteries (6-8) from the inferior phrenic artery 

■ Mddle suprarénal artery (ies) from the aorta 

■ Inferior suprarénal artery (ies) from the rénal artery 

■ Drainage into a single, large suprarénal vein 

■ Drains into the rénal \ein on the left and the l\C on the right 
o Lymphatics 

■ Arise from a plexus deep to the capsule of the gland 

■ Arise from plexus in medulla 

■ Many \essels leawa glands draining to lumbar nodes 

• Innerration 

o From the celiac plexus and thoracic splanchnic nerves 
o Fibers are myelinated presynaptic libers 
o Synapse on chromaffin cells 
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FACTS & HINTS 

High-Yîeld Facts 

Anatomie Points 

Vascular supply to the kidney 

• Variation in the \ascular supply to the kidneyis fairiycommon. 

• Embryologically the kidneys develop in the pelvis and ascend to their abdominal position. 

• In doing so, theyacquire successivelymore superior \essels from the aorta and IVC, whereas inferior uessels degenerate. 

• Failure of degeneration of anyofthese \essels may resuit either in branches to the pôles ofthe kidney or in accessoryvessels atthe hilum. 

• Furthermore, the rénal arteries are not infrequently divided prior to their arrivai at the hilum. 


Clinical Points 

Nephrolithiasis (kidney stones) 

• Rénal caliculi (stones) may be found anywhere between the rénal calices and urinary bladder 

• Astone in the ureter can cause significant distension 

• This results in colicky pain radiating from loin to groin as ureteric contractions try to moue the stone distally 

• In the past, an intrauenous urogram (pyelogram) was the imaging tool to détermine a filling defect in the ureter 

• More recently a computed tomography (CT) scan has become the tool of choice, because patients may hâve an allergie response to the dye 
used in the urogram. 

• Management is usuallyconseruatiua (waiting for the stone to pass), but may be surgical or inwlve lithotripsy (sonie disruption ofthe stone). 

Rénal cysts 

• Cysts are a common finding in the kidney 

• Theymaybesolitaryor multiple. 

• Solitary cysts are usually of no clinical conséquence. 

• Multiple cysts may cause gross distortion and enlargement ofthe kidneys, culminating in rénal failure. 

• Multiple cysts may be caused by adult polycystic kidney disease, because of an autosomal dominant gene. 
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Pelvis and Perineum 


32 Topographie Anatomy 

STUDYAIMS 

Atthe endof your study, you should be able to: 

• Know the functions of the bony pelvis and pelvic girdle 

• Identifyprominent landmarks and their dinical releuance 
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GUIDE 

Pelvis and Perineum: Topographie Anatomy 
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Female pelvis/female pelvk oullvt: 

inferior view f em.ile: sa^Ulal set lion 

[Rate 334, Sex Différences of Pelvis: Measurements] 
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Médian (A) and paramcdian (B) sagittal MR images of female pelvis 




Functions of the Pelvic Girdle 

• Site of attachment of axial skeleton and lower limbs 

• Transmits weightof upper limbs, head, neckand trunkto lower limb 

• Involved in balance 

• Protects and contains pelvic viscera (distal ureters, bladder, rectum, sigmoid colon, reproductive organs) 


Key Landmarks 

• Anterior superior iliac spine (ASIS) 

o Site of latéral attachment of inguinal ligament 
o Site of attachment of sartorius and tensorfascia lata muscles 

• Pubictuberde 

o Médial point of attachment of inguinal ligament 

• Pubicsymptysis 

o Secondarycartilaginous joint 
o Location of T12 dermatome along its superior margin 

• Mdpoint between pubic tuberde and ASIS marks the site for palpating the fémoral artery and vein (the midinguinal point) 

• Iliac crest 

o Follows a cune between the anterior and posterior superior iliac spines 
o Highest point is at approximatelythe levai of the umbilicus-level of L4 vertébral body 
o Supracristal plane passes between the highest points of the iliac crests 

• Intergluteal or natal deft 

o The deft between the buttocks 
° Site of pilonidal sinus and abscess formation 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 

• Pregnancy: In pregnancythe plaœnta can be palpated abo\ethe pubicsymptysis at 12 weeks, atthe umbilicus at 12 weeks, and atthe 
xiphistemum at 40 weeks. 

• Acute Urinary Rétention: The bladder, if distended, may be palpated and percussed up to the umbilicus. On examination, the bladder is dull 
to percussion and in acute urinary rétention, the patient may also complain of tenderness on palpation in the suprapubic région. 

• Supracristal Line: Auseful landmark when perlbrming a lumbar puncture since it corresponds to the 4th lumbar vertébral body Lumbar 
puncture in adults is performed in the latéral decubitus position in the L4-L5 interspace. 

• Pilonidal Sinus: Ablind ending hair-filled tract most commonlyfbund in the midlineofthe natal defto\eriying the lower sacrum and coccyx 
and occurs in 26/1000 persons in the United States. The sinus can become infected, creating a so-called pilonidal abscess that usually 
requires drainage and/or e>dsion of the sinus. 
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33 Bones and Ligaments 

STUDYAIMS 

fit the end of your study, you should be able to: 

• Identifythecomponentsofthebonypelvis 

• Define the boundaries of the pelvic cavity 

• Describethejointsofthepelvis 

• Describe the ligaments that strengthen the pelvis 

• Outline the key différences between the male and female pelvis 

• List the structures that pass through the greater and lesser sciatic foramina 
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GUIDE 

Pelvis and Perineum: Bones and Ligaments 
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■'Iliolumbjr ligament 



Bonesand Boundariesof the Pelvis 
Bony pelvis 

• Is a strong ring 

• Supports the weightof the body 

• Provides attachaient for powerfol muscles that moue the lower limb 

• Composedoffourbones 

o Two hip bones or innominate bones 
o Sacrum-five fosed saaal usrtebrae 
o Coccyx-four (+1 ) fosed coccygeal usrtebrae 

• Hip or innominate bones each formed from 

o Ischium 
° Pubis 

o Fuse at puberty 

o Ae united bycartilageattheacetabulum 

• Pelvicgirdle 

o ls formed of hip bones and sacrum 
o Transmits weight from upper bodyto lower limbs 


Pelvic walls 

• Formed bybones of bony pelvis, ligaments, muscle, and fascia 

• Surround pelvic cavity 


Pelvic cavity 


• Basin shaped 

• Surrounded bybonypelvis 
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• Boundaries: 

° Superiorly-pelvicinletand inferior abdominal cavity 
o Inferiorly-peluc diaphragm 

o Anterior wall-bodies and rami of pubic bone and pubic symphysis 

o Posterior wall-sacrum and coccyx, adjacent ilia and overlying piriformis musde 

o Latéral walls-hip bones, obturatorforamen and membrane, and owsrlying obturator intemus muscle 

Pelvic inlet, outlet, and brim 

• Inlet defined byan oblique plane 

o Extends from promontorytothe superior aspect ofthe pubic symphysis 
o Lies at an angle approximately 55 degrees from horizontal 

• Rim of pelvic inlet = pelvic brim, composed of a bonyline running through 

o Sacral promontory 
o Arcuate line ofthe ilium 
o Pectineal line ofthe pubis (pecten pubis) 
o Pubic crest 

o Superior edgeof pubic symphysis 

• Pelvic outlet is bounded by 

o Tipofcoccyx 
o Sacrotuberous ligaments 
o Inferior ischiopubic rami and ischial tuberosities 
o Inferior edgeof pubic symphysis 

• Pelvic inlet divides pelvis into two parts 

o True pelvis or lesser pelvis or pelvis minor, which 

■ lies between pelvic inlet and outlet 

■ containsthe pelvic viscera 

o False pelvis or greater pelvis or pelvis major, which 

■ lies abowa pelvic brim 

■ between the iliac fossae 

■ contains part ofthe ileum and sigmoid colon 

• The birth canal indudes the pelvic inlet, true pelvis, cervix, vagina, and pelvic outlet 


Joints ofthe Pelvis 
Lumbosacraljoints 

• Composed of 

» Intervertébral joint via intervertébral dise between L4 and SI 
o Two posterior zygapophysial joints 

• Reinforced by iliolumbar ligaments 

Sacroiliac joint 

• Articulation between ear-shaped surfaces ofthe sacrum and ilium 

• Atypical synovial joint formed with fibrocartilage ratherthan hyaline cartilage 

• IVbvement is \ery limited 

• Stabilized by interosseous and anterior and posterior sacroiliac ligaments 
Pubic symphysis 


• Union of bodies of right and left pubic bones 

• Secondarycartilaginous joint 

• Fibrocartilaginous interpubic dise in the joint 

• Stabilized by superior and inferior pubic ligaments 

• Affected bythe hormone relaxin during pregnancyto permit freer movement between vartebral column and to increase pelvic diameter 
during childbirth 

Sacrococcygealjoint 

• Articulation between sacrum and coccyx 

• Secondarycartilaginous joint 

• Stabilized by anterior and posterior sacrococcygeal ligaments 


Ligaments of the Pelvis 

• The weight ofthe body acting through the spine will tend to rotate the sacrum, tipping the lower part backwards. 

• This movement is prevented bythe sacrospinous and sacrotuberous ligaments. 

o Sacrospinous ligament: extends from latéral border sacrum to ischial spine 

o Sacrotuberous ligament: larger and extends from dorsum and latéral border sacrum and posterior surface ilium to ischial tuberosity 

• Attachments of sacrospinous and sacrotuberous ligaments enclose the lesser and greater sciaticnotches, respectively tbrming the greater 
and lesser fbramina 
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Structures Passing Through the Greater and Lesser Sciatic Foramina 


Q-eater Sciatic Foramen 

Lesser Sciatic Foramen 

Piriformis musde 

Tendon of obturator internus 

Sdatic nerve 

Nerve to obturator intemus 

Inferior gluteal nerve and artery 

Pudendal nerve 

Internai pudendal nerve, artery and vein 

Internai pudendal artery 

Nerve to obturator internus muscle 


Nerve to quadratus femoris 


Posterior cutaneous nerve of the thigh 



Sex Différences of Pelvis 

• Différences linked to function 

o Pregnancyand childbirth in females 
o Heavier build and larger muscles of men 

• Main différences 

o Pelvis is heavier and has more pronounced muscle attachment sites in men than in women 

o Pubic arch is narrower and the subpubic angle more acute in men than women 

o Ischial tuberosities are doser in men than in women, and the pelvis outlet is thus comparatively smaller. 

o Ail of the ilia are less flared in men than in women, so the greater pelvis is deeper. 

o Pelvic inlet is heart-shaped in men and more transversely oval in women 

o Obturator foramen is round in men and oval in women 

o Female pelvis is broaderthan in men, to allowthe passage of the fêtai head 
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FACTS & HINTS 

Anatomie Points 


Measurements of the Pelvic Inlet 

• Used to détermine capacityof female pelvis for childbearing 

• True conjugate diameter 

o measured radiologicallyon a latéral x-ray 

o distance from superior border of pubic symph^sis to sacral promontory 

• Transvsrse diameter: widest distance of pelvic inlet 

• Oblique diameter: distance from sacroiliac joint to contralatéral iliopectineal line 


Clinical Points 

Fractures of the Pelvis 

• Alarge force is required to fracture the pelvis and fractures usually resuit from direct trauma, such as occurs in automobile accidents 

• The bony pelvis mayfracture at any point and there may be associated damage to pelvic viscera, for example, bladder and uréthral rupture 
can occur with fractures involving the pubis 

• Pelvic fractures are dassified as stable or unstable. 

o In a stable fracture, the pelvis remains stable and there is only one break-point in the pelvic ring with minimal hemorrhage. 
o In an unstable fracture, the pelvis is unstable with two or more break-points in the pelvic ring with moderate to severe hemorrhage. 

• Signs of a fractured pelvis indude: pain in the groin, hip or lower back; difficulty walking; uréthral, vaginal or rectal bleeding; scrotal 
hematoma; and shock as a resuit of concealed hemorrhage (contained bleeding into the pelvic cavity) 

• Afracture can be confirmed on x-ray and is seen as a break in continuityof the pelvic ring. 

Decubitus Ulcers 

• Also called pressure sores 

• Can be a partial- orfull-thickness loss of skin, underlyng connective tissue and can extend into musde, bone, tendons, and joint capsules. 

• Two thirds of pressure sores occur in patients older than 70 years 

• Results from prolonged pressure on an area of skin, connective tissue and musde from a mattress, wheelchair seat, or bed rail. 

• Commonly occur in those with poor mobility bed-bound, poor nutrition, and incontinence. 

• Can become infected with bacteriafrom poor skin care, orfecal or urinary incontinence 

• The hip and buttock régions account for 67% of ail pressure sores, with ischial tuberosity trochanteric, and sacral locations being most 
common. 

• In the sitting position, the ischial tuberosity bears the weightof the whole bodyand thus is a prime site of ulcération 
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34 Pelvic Floor and Contents 

STUDYAIMS 

At the end of your study, you should be able to: 

• State the structures that form the pelvic floor 

• Describe the two main muscles that form the pelvic floor and their attachments 

• List the tunctions of the pelvic floor muscles 

• Describe the attachments of the peritoneum within the pelvis and the location of the ussico- and recto-uterine pouches in females and 
rectovesical pouch in males 

• Understand the organization and function of the pelvicfasda 

• Describe the dinical problems that may arise with weaknesses of the pelvic floor musdes 
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GUIDE 

Pelvis and Perineum: Pelvic Floorand Contents 
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[Rate 341, Pelvic Diaphragm: Male (Continuée!)] 
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Paramcdian (sagittal) dissection 




Pelvic Floor 


• Formed by the pelvic diaphragm 

• Funnel-shaped 

• Muscular partition from the pubis to the coccyx and from latéral wall to latéral wall 

• Séparâtes pelvic cavityfrom perineum inferiorly 

• Transmits urethra, \agina (in females) and anal canal 


Muscles of Pelvic Floor 


• The pelvic diaphragm is composed of two paired muscles 

o Levator ani 
o Coccygeus 

• Levator ani muscle 

o Paired muscle 
o Principal muscle ofpelvicfloor 
o Supports pelvic contents 
o AÆvalymaintains position of pelvic viscera 

• Acus tendineus: a thickened line of the fascia over the obturator intemus muscles running in an arching line from the pubis to the ischial 

• Central périnéal tendon or périnéal body 

o Afibromuscular body extending from the perineum into the urogénital hiatus 
o The site of numerous muscle attachments in the perineum 

• Components of the levator ani muscle 

o Pubococcygeus 

Is anterior part of levator ani 
Main contributor to the levator ani 

Aises from the posterior body of the pubic bone and anterior part of the arcus 
Tendineus 

Runs posteriorly to attach to the anococcygeal ligament and the coccyx 
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o lliococcygeus 

Posterior part of the levator ani Is thin and poorly dewsloped 
Anses from the posterior part of the arcus tendineus and the ischial spine 
Attaches to the anococcygeal raphe and the coccyx 
o Puborectalis 

Athickened band of muscle bestseen inferiorto the pubococcygeus 

Unités with its partner to make a U-shaped sling around the rectum at its junction with the anus 
Has a sphincter-like action by pulling the anorectal junction forward and contributing to anal continence 

• Médial musclefibers ofthe pubococcygeus borderthe urogénital hiatus 

o Mostanteriorfibers insertintotheurethra 

o Other fibers sweep behind the vagina or prostate and insert into the central périnéal tendon, and are called the levator prostatae or 
pubovaginalis 

• Coccygeus muscle 

o Reinforces pelvicfloorposteriorly 
o Arises fforn ischial spine 

o Inserts on lower two sacral and upper two coccygeal segments 
o Blends with sacrospinous ligament on its external surface 

• Innervation of the levator ani and coccygeus muscles 

o Levator ani innervated by branches from the anterior rami ofS3-S4 spinal nerves 
o Puborectalis also innervated bybranch of pudendal nerva (S2,3,4) 
o Coccygeus supplied by branches ofthe anterior rami of S4-S5 spinal nerves 

• Functions ofthe levator ani 

o Acting together raise the pelvic floor to increase abdominal pressure, such as when coughing, sneezing, urinating, defecating, lifting 
heavyobjects. 

o Important in valuntarycontrol of micturition (urinating) 
o Supports pelvic viscera 
o Supports head ofthe fétus 

Muscles Lining the Latéral Walls ofthe Pelvis 

• Obturatorintemus muscle 

o Proximal attachment: pelvic surfaces of ischium and ilium and obturator membrane 
o Distal attachment: greater trochanter of fémur 
o Innervated by nene to obturator intemus (L5, S1-S2) 
o Latéral rotatorofthigh 

• Piriformis muscle 

o Proximal attachment: pelvic surfaces of S2-4 segments of sacrum, sacrotuberous ligament 
o Distal attachment: greater trochanter of fémur 
» Innervated byventral rami of S1-S2 spinal nerves 
o Latéral rotatorofthis 

Muscle Proximal Attachment (Origin) Distal Attachment (Insertion) Innervation Main Actions 


Obturator intemus 

Pelvic aspect of obturator 
membrane and pelvic bones 

Greater trochanter of fémur 

Nerva of 
obturator 
intemus 

Rotâtes external thigh 
laterally abducts flexed 
thigh at hip 

Piriformis 

Anterior surface of second to 
fburth sacral segments and 
sacrotuberous ligament 

Greater trochanter of fémur 

Vëntral rami 
ofS1-S2 

Rotâtes external thigh 
laterally abducts flexed 
thigh; stabilizes hip joint 

Levator ani 

Bodyof pubis, tendinous arch 
of obturator fascia, and ischial 

Périnéal body coccyx, anococcygeal 
raphe, walls of prostate or vagina, 
rectum, and anal canal 

Vèntral rami 

ofS3-S4, 

périnéal 

Supports pelvic viscera; 
raises pelvic floor 

Coccygeus 

(ischiococcygeus) 

Ischial spine and 
sacrospinous ligament 

Inferior sacrum and coccyx 

Vfentral rami 
S4-S5 

Supports pelvic viscera; 
draws coccyxforward 


Pelvic Fascia 

• Occupies space between peritoneum and muscles ofthe pelvic floor and walls 

• Pariétal pelvic fascia lines the internai surface (fadng the pelvic cavity) ofthe muscles ofthe floor and walls 

• Viscéral pelvic fascia invests each ofthe pelvic organs 

• Viscéral and pariétal fascia are continuous where organs penetrate pelvic floor 

o Where theyare continuous, fascia thickens toform the tendineus arch of pelvic fascia (arcus tendinous fasdae pelvis) 
o Arches are bilateral bands running from pubis to sacrum, adjacent to viscera 

• Puboprostatic ligament 

• Pubovesical ligament 

• Sacrogenital ligaments 

• Between pariétal and viscéral fasda is endopelvicfasda 

o Matrixor Aller material 

o In certain areas, condenses and becomes more fibrous to form fascial "ligaments" or septa 

• Major condensation is the hypogastric sheath 

o Runs from latéral pelvic wall to pelvic viscera 
o Séparâtes retropubic space from presacral space 
o Serves as a conduit for vessels and nerves 

• Transverse cervical (cardinal) ligaments are part of hypogastric sheath 

o Runs from latéral wall to the uterine cervixand vagina 
o Uppermost part is beneath broad ligament and transmits the uterine artery 
o Is suffidentlyfibrous to provide passive support for the utérus 
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• Uterosacral (female) or genitosacral (male) ligaments 

• Septa separate the pelvic organs and indude 

o Vfesicovaginal septum 
o Rectovesical septum 
o Redovaginal septum 

• Weakness ofthe pelvicfloor musdes or in the pelvic fascia, which support the pelvic organs, can resuit in prolapse ofthe pelvic organs, 
e.g., vaginal or rectal prolapse. 


Pelvic Contents 



[Plate 343, Pelvic Contents: Female] 
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Superiur view wilh peritoneum intact 
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[Plate 345, Bidopelvic 
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[Plate 346, Pelvic Visceraand Perineum: Male] 
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[Plate 386, Lymph Vessels and Nodes of Pelvis and Genitalia: Female] 
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Transverse Section: Vagina and Urethra 



Cf)MU- 


• Female Pelvic Viscera and Perineum See: 

o Section 5-4: Urinary Bladder 
o Section 5-5: Utems, Vagina and Supporting Structures 
o Section 5-9: Rectum 

• Male Pelvic Viscera and Perineum See: 

o Section 5-4: Urinary Bladder 
o Section 5-8: Testis, Epididymis, and Ductus Déferons 
o Section 5-9: Rectum 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 

Peritoneal Reflections 

• Pelvic peritoneum 

o Lines latéral and posterior pelvic walls and pelvic floor 

o Co\ers the rectum, urinarybladder, utérus, and adnexa in the female 

o Couers the anteriorand latéral surfaces of the upper portion of the rectum in both sexes 

o Sweeps tbrward from the rectum to the bladder 

o Créâtes a recess between the rectum and the bladder: the rectowesical pouch 

o Continues over the superior surface of the bladder and ascends on the internai side of the anterior abdominal wall 

• Inwomen: 

o Sweeps tbrward from the rectum onto the posterior fornixof the utérus and the posterior uterine wall 
» Créâtes a recess between the rectum and the utérus: the rectouterine pouch (of Douglas) 

o Cowers the posterior, superior and anterior surfaces of the utérus betbre rellecting onto the superior surface of the bladder 
o Ascends on the internai side of the anterior abdominal wall 

• Fluid (blood, pus) can collect in the rectovesical or rectouterine pouches causing an infection and forming pelvic abscesses. 
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35 Urinary Bladder 

STUDYAIMS 

fit the end of your study, you should be able to: 


• Desaibe the œurse of the pelvic ureters 

• Outline the gross structure of the bladder 

• Describe the relations of the bladder 

• Describe the structure of the male urethra 

• Describe the structure of the female urethra 
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GUIDE 

Pelvis and Perineum: Urinary Bladder 
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Ureters 

• Cross pelvc brim at the level ofsacroiliac joint, anterior to the bifurcation common iliac arteryto pierce the posterior surface of the bladder 

• Enters the postérolatéral surface of the bladder and runs obliquelythrough the bladder wall, creating a flap valve 

• In males: the ureter passes under the ductus deferens, superiorto the séminal vesides 

• In women: the ureter descends posterior to the ovary and into the base of the broad ligament passing under the uterine artery ("water under 
the bridge") 

• Supplied by branches of common and internai iliac arteries and uterine artery (inferior vaside artery in males) and drained by vains with 
same names. 

• innervated by fibers from adjacent autonomie plexuses 


Urinary Bladder 
General structure 

• Lies posterior to pubic bones and pubic symphysis 

• VWien emptyis tetrahedron in shape and lies entirelywithin true pelviccavity spherical when full and mayreach as high as umbilicus 

• \Mien emptyhas a base (posteriorsurface) and a superiorand two inferolateral surfaces. 

• Base (posterior surface) of bladder defined intemallybytwo uretericopenings atsuperolateral corners and internai uréthral opening 
inferiorly 

• Triangular area defined bythese openings is the veside trigone 

• Ridge between two uréthral openings is the interureteric fold 

• Neck of bladder is where base and inferolateral sides meet, inferiorly 

• Aiterior angle or apexis site of atfachment of urachus-librous remnant of fatal allantois, which is seen as the médian umbilical ligament on 
the anterior abdominal wall 

• Bladder wall is composed ofathicklayerof interwo\en bundles ofsmooth muscle running transversely, longitudinally and obliquely- 
detrusor muscle 

• in région of neck, detrusor muscle runs drcularlyas invaluntaryintemal sphinder 

• Bladder mucosa is thrown into rugae except within trigone, which is smooth 
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Relations of the Urinary Bladder 


Border 

Structure 

Superior 

Peritoneum 

Sigmoid colon 

Inferolateral 

Obturator intemus muscle 

Levator ani muscle 

Obturator nerve 

Obturator artery and vein 

Superior vésical artery and vein 

Anterior 

Retropubicspace-containing adipose tissue and \eins 

Pubiccrest 

Posterior-male 

Séminal vesides 


Anpulla of ductus deferens 


Rectovesical pouch 


Anpulla of rectum 

Posterosuperior-female 

Vfesicouterine pouch 


Bodyof utérus 

Posterior-female 

Cervix 


Aiteriorwall uagina 

Inferior-male 

Prostate 


Prostatic venous plexus 


• Superior vsside arteries (branches of internai iliac artery) supply apexand superior part of bladder 

• Inferior vésical arteries supply tundus and neckin males 

• Vëginal arteries (branches of uterine arteries) supplyfundus and neck in females 

• Obturator arteries (branches of internai iliac artery) provide arterial twigs 


Venous drainage 

• \fesical venous plexus drains to internai iliac plexus via inferior vésical veins 

• Communicates with prostatic venous plexus in males and uterovaginal venous plexus in females 

Female urethra 

• Three- to 4-cm long fibromuscular tube, bound to anterior vaginal wall 

• Extends from internai uréthral meatus of bladder to external meatus situated just anterior to the vaginal opening in the vestibule 

• Descends with vegina through urogénital hiatus and pelvic diaphragm and through périnéal membrane where it is surrounded byexternal 
sphincter urethrae 

• Paraurethral glands, homologs to the prostate, open on either side near external uréthral orifice 

• Supplied byintemal pudendal and vaginal arteries 

• Drained by veins of same name 

• Innervated by branches of pudendal nerve via S2-S4 spinal cord segments and afferents run with pelvic splanch 


• Twentycm fibromuscular tube 

• Convexe both urine and semen 

• Extends from internai uréthral meatus of bladder to external uréthral meatus in glans pénis 

• Divided into three parts: prostafic; membranous and spongy urethra 


Comparison of Prostatic, Membranous and Spongy Parts of the Male Urethra 

Prostatic Urethra Membranous Urethra Spongy Urethra 


Length 

3cm 

2cm 

15 cm 

Extent 

Internai uréthral meatus to apex of prostate 

Apexof prostate to périnéal 
membrane 

Bulbof pénis to glans 

Key 

Anatomical 

Features 

Uréthral crest(midline ridge) 

Prostatic sinuses (site of opening prostatic ducts) 
Prostatic utride (blind-ending sac on uréthral crest; 
remnantof fêtai ductforming utérus in females) 
Ejaculatory duct (opens either s ide of the utride) 

Surrounded bystriated musde of 
external uréthral sphincter 
Bulbourethral glands lie 
posterolaterally 

Pubicsymphysis lies anteriorly 
attaching via pubourethral 
ligaments 


Blood 

Supply 

Inferior vésical and rectal arteries 

Inferior vésical and rectal arteries 

Internai pudendal artery via 
dorsal arteries of pénis 

Drainage 

\feins of same names and prostatic venous plexus 

\feins of same names and prostatic 
venous plexus 

Prostatic venous plexus 
and internai pudendal 

Nerve 

Pudendal nerve (S2-S4) and prostatic plexus 

Pudendal nerve (S2-S4) and 

Pudendal nerve (S2-S4) 
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| Supply | 


| prostate plexus 


|and prostatic plexus 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 
Micturition 

• Thebladderhasacapacityof400to500mL 

• During micturition coordinated reflexiva contraction ofthe detrusorand relaxation oftheexternal uréthral sphincter occur 

• Controlled by autonomie and viscéral innervation 

o Viscéral afferentfibers travaling along tract of parasympathetiefibers stimulated bystretching (and pain in lower bladder) 
o Parasympathetic innervation via pelvic splanchnic nerves and pelvic plexus reflexivaly stimulâtes detrusor contraction during 
micturition. 

o Sympathetic fibers via hypogastric plexus to bladder neck relaæs bladder neck (internai uréthral sphincter) and prenants rétrogradé 
éjaculation during micturition in males 


Clinical Points 

Fractures of the Pelvis and Bladder Injury 

• The bladder lies immediatelyposteriorto the pubiesymphyais and fractures ofthe pubis can be complicated by rupture ofthe bladder. 

• The rupture can resuit in the extravasation of urine intraperitoneallyif the peritoneum is torn 

Urinary Tract Infections (UTIs) 

• fis a resuit of a shorter urethra, women are more susceptible to UTIs 

• Commonlyoccurs in women following sexual intercourse 

• Pathogen is commonly Escherichia coli 

• Infection may lead to urethritis, cystitis, or pyelonephritis (inflammation of urethra, bladder, and kidneys, respectivaly). 

• Symptoms indude: dysuria, urgency frequency and occasionally hematuria 

Urinary Stress Incontinence 

• Factors maintaining continence in the female are the external uréthral sphincter (striated musde surrounding middle third of urethra) and 
support ofthe bladder and urethra bythe levator ani musdes 

• Urinarystress incontinence is an invaluntary loss of urine thatoccurs during coughing, sneezing, laughing, lifting, or exercise, because of 
the inabilityof these musdes to counterthe increase in intra-abdominal pressure. 

• Urinarystress incontinence is often seen in women who hâve had multiple pregnancies and vaginal childbirths and in men following 
prostate surgery 

• About 50% of ail women hava occasional urinary incontinence 

Mnemonics 

Memory Aids 

"Water under the bridge" -dénotés relationship of ureter (water) to uterine artery as it passes under the artery 
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36 Utérus, Vagina and Supporting Structures 

STUDYAIMS 

At the end of your study, you should be able to: 

• Describe the anatomyofthe uterns and its supporting ligaments 

• Know the anatomyofthe ouary and the uterine tubes in relation to the pelvic cavity the peritoneum, and the utérus 

• Knowthe anatomyofthe cervix 

• Understand the orientation of the cervix relative to the position of the utérus and changes with childbirth 

• Understand the anatomyofthe vagina 
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GUIDE 

Pelvis and Perineum: Utérus, Vagina, and Supporting Structures 



Vagi ru Hymon.il rarunrle 

[Rate 352, Uerus, Vagina and Supporting Structures] 
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Fascial ligaments of the utérus 



Pclvic fascia and ligaments 
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Utérus 

Basic structure 


• Pear-shaped organ 

• Approximately8cmlongand5cmwide 

• Supported by the pelvàc diaphragm 

• Composedof 

o Body (corpus) -upper two thirds 

o Fundus-rounded upper part superior to the entrances of the uterine tubes 
o Isthmus-narrower area just above the cervàx 

o Cervix(neck)-cylindrical inferiorpartthatprojects into the superior vagina 

• Uterine cavàty is small (6 cm in length) and slit-like 

• Uterine homs are superolateral régions where the uterine (Fallopian tubes) enter 

• Uterine wall has three layers 

o Perimetrium-outer layer of peritoneum with undertying connective tissue 
o It/yometrium-middle, thick layer ofsmooth muscle 

o Endometrium-vascular inner mucosal layer the thickness of which varies with menstrual cycle and âge 

• The utérus has two surfaces: anteroinferior and posterosuperior 

• Aportion of the cervix, body, and tundus of the utérus is covared with peritoneum 

o Thick-walled canal, 2.5 cm long, connecting the body of the utérus with the vagina 
o Communicates superiorly via internai os with utérus 
o Communicates with vagina inferiorly via extemal os 

o /'pproximatelyhalf of the cervixlies abova the vagina (supravaginal) and is covared posteriorlywith the peritoneum of the rectouterine 

o The bladder is separated from the anterior surface of the supravaginal part of the cervix by connective tissue 
o The lower half of the cervix (vaginal part) protrudes into the vagina and can be examined dinically 


Relationships of the utérus 
| Latéral ly- [Broad 


transvarse cervical (cardinal ligaments), ureters 
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Anterior- 

\&sicouterine pouch, superior surface of bladder 

Posterior- 

Rectouterine pouch and anterior surface of rectum, loops of intestine in pouch 


Vascular supply of utérus (including cervix) 

o Uterine arteries (branches of internai iliac arteries) 

o Vbginal arteries (branches of uterine arteries with anastomoses with internai pudendal arteries) 

• Vënous drainage: via uterine venous plexus to internai iliac veins 

• Lymphatics drain to 

o Extemal iliac nodes 

o internai iliac and sacral nodes 

o Superficial inguinal nodes (along round ligament) 


Innervation 

• From the uterovaginal plexus, a subdivision of the inferior hypogastric (pelvic) plexus 

• Sympathetic, parasympathetic, and viscéral afferents to and from the utérus pass through this plexus 

• Sympathetic innervation from lower lumbar spinal cord segments via lumbar splanchnic nervas and intermediate plexuses 

• Parasympathetic innervation from pelvic splanchnic nerves (S2,3,4 spinal cord le\els) via pelvic plexus 

• Afferent fi bers with pain information from body and fundus ascend through plexuses to lumbar splanchnic nerves to reach upper 
lumber/lowerthoradc spinal cord segments 

• Aferent fi bers with pain information from cervixandall information except for pain from body and fundus tbllow parasympathetic libers back 
to central nervous System 


Basic structure 

• Musculartube,8toiOcm long 

• Superior end surrounds the cervix: upper two thirds lie within pelvic cavity 

• Slopes downward and Ibrward through the pelvic diaphragm 

• Opens inferiorly into vestibule between labia minora 

• Lining has multiple transvarse folds-rugae 

• Recessed area of vagina around the cervixis called the vaginal fbmix; composed of shallow anterior, deep posterior, and latéral fomices 

• Posteriortbmixdirectlyrelated to rectouterine pouch 

Relationships ofthe vagina 
Irrferior 

Posterior 




Blood supply 

• Uterine arteries supplies superior part 

• Vëginal arteries supplymiddle part 

• Lower partsupplied bymiddle rectal and internai pudendal arteries 


Extemal os cervix 
Vëstibule between labia minora 
Posterior wall bladder 
Rectouterine pouch 
Anpulla of rectum 
Levator ani muscles 


Venous drainage 

Vàginal vanous plexus to uterine vanous plexus to internai iliac vains 
Innervation 

• Upper three tburths same as utérus 

• Lower one fourth is somatic via the pudendal nerva 

• Viscéral and sympathetic fibers reach the lower one fourth via the pudendal nerva; no parasympathetics 

Variations in Position of the Utérus 

• VWnen the bladder is empty body ofthe utérus bentanteriorlyon the cervix anteflexion 

• Axis ofcervixalso bentforward relative to axis of vagina: antevarsion 

• Thus the bodyof utérus lies on superior surface bladder 

• Full bladder reduces these angles 

• Reversai of these angles is called rétroversion and retroflexion 


Ligaments Associated with the Utérus 
Broad ligament 

• Double layarof peritoneum thatsweeps up and ovarthe utérus, ovaries, and the uterine tubes 
o Thus has an anterior and a posterior lamina 
o Extends from the sides ofthe utérus to the latéral pelvic walls 


287 / 425 





o Part that suspends the ovaryfrom the posterior lamina is the mesovarium 

o Part of broad ligament above the level of the ovary and mesovarium that sweeps over the uterine tubes is the mesosalpinx 
o Part of broad ligament below the mesovarium orthe mesenteryofthe utérus 

• Uterine arteries and vains run mediallyfrom the internai iliac arteries to the utérus at its base 

• Encloses the plexus of uterine vains 


Ligament of the ovary 

• Extends from the médial pôle of ovaryto the latéral wall of the utérus, just beneath the entrance of the uterine tube, on each side 

• Remnantof proximal partofembryonicgubemaculums 


Round ligament of the utérus 

• Extends from the latéral wall of the utérus, just beneath the entrance of the uterine tube, to the latéral pelvic wall on each side 

• Crosses extemal iliac vas sel to enter deep inguinal ring 

• Passes through inguinal canal to labium majus 

• Remnantof distal partofembryonicgubemaculums 

Suspensory ligament of the ovary 

• Ai extension of the broad ligament superiorly on the postérolatéral pelvic wall 

• Covers the ovarian \essels, associated nenes, and lymphatics 

Uterine (Fallopian) Tubes 
Basic anatomy 

• Approximately 10 cm long, extending laterallytfom the uterine horns to the peritoneal cavitynear the ovaries 

• Run in ffee upper border of broad ligament (mesosalpinx) 

• Provide a channel for ova from ovaryto uterine cavityand site for fertilization 

• Divided into four parts for descriptive and functional purposes 

o Infundibulum 

Horn-shaped distal end 
Opens into peritoneal cavity 

Has finger-like processes (fimbriae) at distal end that spread over surface of ovary 
o Anpulla 

Widestand longestpart 
Where fertilization usuallyoccurs 
Connects infondibulum and isthmus 
o Isthmus 
Thick-walled 
Enters uterine horn 

o Uterine part: passes through the wall of the utérus 


Bloodsupply 

• Aterial (anastomoses) 
o Uterine arteries 


> \fenous drainage 

o Uterine venous plexus 
o Ovarian veins 


Lymphatics 

To lumbar lymph nodes 

Innervation 

Ovarian and uterine plexuses = subdivisions of pelvic plexus 


Ova ries 
Basic structure 

• Ovoid in shape 

• Approximately4 cm long and 2 cm wide 

• Lie in the ovarian fossa on latéral pelvic wall between external and internai iliac vessels 

• Atached to the broad ligament by mesovarium, which transmits ovarian vessels 

• Connected to latéral wall bysuspensory ligaments ofthe ovary containing ovarian vessels, nenes, and lymphatics 
Arterial supply 

• Ovarian artery 
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o Branch of abdominal aorta 
o Terminâtes in ovarian and tubal branches 

Venous drainage 

• Pampiniform plexus combines to form single ouarian vein 

• On right this drains into the inferior vena cava 

• On the left drains into the left rénal \«in 

Lymphatics 

Follow ovarian yassels to lumbar lymph nodes 
Innervation 

• Sympathetic and afferent fi bers reach the ovaryvia the ovarian uassels 

• Parasympathetic fibers from pelvic splanchnic nervas (S2.3.4 spinal cord le\els) reach ovaryvia same route 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


• The thickness of the endometrium (\ascular mucosal lining) changes throughout the menstrual cycle, undergoing thickening and shedding. 

• Following ménopausé the utérus and vagina undergo atrophy 

• Because the uppertwo thirds ofthe vagina lie within the pelviccavity, weakness ofthe pelvicfloor muscles can lead to vaginal prolapse. 

• The lumen of fallopian tubes communicates with the peritoneal cavity at its distal (ovarian) end. 

• The ovary is covered only bya thin layer of mésothélium, an extension ofthe mesovarium, to permit ovulation ofthe mature ovum into the 
peritoneal cavity. 

• Ectopic pregnancies are therefore possible within the peritoneum. 

• Fertilization of an ovum usuallyoccurs within the fellopian tubes atthe ampulla (the widest part) 

• Ectopic pregnancies-implantation of a blastocyst other than in the uterine wall-can occur in the uterine tube (tubal pregnancy-most common 
ectopic pregnancy), into the ovary(o\Ærian pregnancy-rare) or into the abdominal wall (peritoneal pregnancy-varyrare) 

• Blockage ofthe uterine tubes as the resuit of disease is a common cause of infertility 


Clinical Points 

Cervical Cancer 

• Common between âge 40 and 60 years 

• Was the leading cause of death of women in the United States until 1940, when détection of malignancies and premalignant conditions 
was made possible by the development of Pap (Papanicolaou) smears. 

• Ftisk factors indude: earlysexual activity; multiple sexual partners, human papillomavirus infection, and smoking 

• Eighty-five percent to 90% are squamous cell cardnomas; 10% to 15% are adenocardnomas 

Rbroids 

• Benign tumors of smooth musde cells of uterine myometrium 

• Occur in 30% ail women 

• Can occur in any location within the utérus 

• Growth stimulated byestrogen and oral contraceptive pill 

• Symptoms usuallya resuit of compression effects 
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37 Perineum and External Genitalia: Female 

STUDYAIMS 

fit the end of your study, you should be able to: 

• Outline the general organization of the perineum 

• Describe the contents of the urogénital and anal triangles 

• Describe the central périnéal tendon and périnéal membrane 

• Outline the fascial layers and spaces of the perineum 

• Describe the anatomy of the clitoris, labia, and wsstibule 

• Outline the blood supply of the external genitalia 

• Outline the innervation of the female external genitalia 
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GUIDE 

Pelvis and Perineum: Perineum and External Genitalia: Female 
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Superficiel périnéal space 




Perineum 

General organization (Same as male) 

• Narrow région between superior médial aspects of thigh 

• Wlth lower limbs abducted in lithotomy position, becomes a diamond-shaped are 

• Bounded bypelvicdiaphragm superiorlyand superficial fascia and skin inferiorly 

• Anal canal, urethra, and wagina pass through the perineum 

• Boundaries: 

o Anteriorly: Pubicsymph^sis 
o Posteriori/ Inferior sacrum and coccyx 
o Anterolaterally Ischiopubic rami 
o Laterally Ischial tuberosities 
o Posterolaterally Sacrotuberous ligaments 

• Divided into two triangles by imaginary line between ischial tuberosities 

• Posteriorly is anal triangle 

• Anteriorly is urogénital triangle 


Contents ofthe anal triangle (Same as male) 

• Anal canal and anus 

• External and internai anal sphincters 

• Ischiorectal fossa 


Contents of urogénital triangle 

• Membranous and distal urethra 

• Vülua (labia majora, labia minora, and clitoris) 

• Erectile bodies of vulva 
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Central périnéal tendon (périnéal body) (Same as male) 


• Located at midpointof the line dividing the urogénital from anal triangles 

• Ivtess of collagenous and elasticfibers 

• Deeptoskin 

• Aiterior to anal canal 

• Posterior to bulb of the pénis (male) or vestibule (female) 

• Site of attachaient for 

o Bulbospongiosus 

o Superlicial transwerse périnéal muscles 
o Deep transuerse périnéal muscles 
o Extemal anal sphincter 

o Fasddes of muscle from extemal sphincter urethrae and levator ani 


Périnéal membrane 


• E\arything same as male, except 

• Sphincter urethrae (extemal uréthral sphincter) 

o Mayexistinfernales 

o Some libers extending to the ischiopubic rami (compressor urethrae) and some endrding the vagina as well 

• Pierced byvagina and urethra 


Fascia andspaces ofthe urogénital triangle 

• Euarything same as male, except 

• Superficial périnéal space (pouch) 

o Between membranous layar of superfidal fascia and périnéal membrane 
o Contai ns: 

Crura of clitoris and associated musdes 

Bulbs of vestibule and associated muscles 

Superficial transwarse périnéal musdes 

Branches of internai pudendal uassels and pudendal nervas 

Greater vestibular glands 

• Deep périnéal space (pouch) 

o Lies between périnéal membrane and pelvic diaphragm 
o Ischioanal fossae extend anteriorly into this space 
o Contai ns: 

Proximal part of urethra 
Extemal sphincter urethrae musde 
Deep transuarse périnéal muscles 
Vfessels and neruas 


Female External Genitalia 


• Female external genitalia collectiwalycalled the wlva 

• Female external genitalia indude 

o Mons pubis 
o Labia majora 
o Labia minora 
o Clitoris 

o Vfestibule of \agina 
o Bulbs ofwastibule 
o Greater uastibular glands 

• Mans pubis 

o Fattytissue lying anterior to pubic symph^sis and superior pubic rami 
o Skin continuous with anterior abdominal wall 
o Mer puberty is cowared with pubic hair 

• Labia majora 

o Longitudinal folds of skin containing fat, smooth musde, and termination of round ligament of utérus 
o Lie on eithersideof pudendal deft 

o Extemally contain sebaceous glands and are cowared by pubic hair 
o Intemallyare smooth and hairless 
o Unité anteriorlyas the anterior commissure 

o Form a posterior commissure posteriorly which disappears after childbirth 

• Labia minora 

o Longitudinal folds of hairless skin withoutfatendosed by labia majora 
o Surrounds \estibuleof\agina 
o Extend from ditoris around urethra and uagina 

o Meet anteriorlyas a small fold = frenulum ofthe ditoris, which passes deep to the ditoris 
o Posteriorly unité as frenulum (fourchette) 

• Vfestibule 

o Région endosed by labia minora 
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o Contains extemal uréthral meatus, vaginal introitus (most infèrior opening) and opening of ducts of paraurethral gland 
° Contains opening of duels of greater vastibular (Bartholin's) glands 
One gland on either side of vestibule 
Posteriorto vaginal orifice 

Ductal openings either side of vagina; secrete mucus during sexual arousal 
o Contains bulbs of vestibule 

Elongated masses oferectiletissue 
One on either side of vaginal introitus 
Homologous to bulb of pénis and corpus spongiosum 

• Clitoris 

o Resembles inverted V 

o Composed of root and body located where labia minora meet anteriorly 
o Lies 2 cm anterior to external uréthral meatus 
o Body composed of two crura, two corpora cavemosa, and glans clitoris 
o Highlyinnervated, becomes engorged during sexual arousal 
o Prepuce of ditoris-anterior extension of labia minora 


Vascular supply and innervation 



Anterior labial nerve 
(from ilioinguinal nerve) 


Branches 
of périnéal 
nerve 


branch of 
posterior fémoral 
cutaneous nerve 


nerve of 
clitoris passing 
superior to 
périnéal membrane 


maximus 
muscle (eut away) 


Perforating cutaneous nerve 
iferior anal (rectal) nerves 


• Arterial supply 

o Extemal pudendal arteries (branches offemoral artery) 
o Internai pudendal arteries 

Labial and ditoral branches of internai pudendal artery 

• Vfenous drainage 

o Internai pudendal vein 
o Vfenae comitantes of internai pudendal artery 

Lymphatic drainage 
To superficial inguinal nodes 


Innervation 
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Anterior labial neruas from ilioinguinal nerua 
Périnéal branchfrom posterior fémoral cutaneous 
Posterior labial nervas from pudendal nerva 



FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 

Bartholin cyst 

• C^sticswelling of greaterwsstibular (Bartholin's) glands 

• Occurs when gland is infected or duct is blocked 

• Can enlarge to 4 to 5 cm 

Carcinoma of the vulva 

• Mmics chronic ulcer 

• Patient présents with pain, a discharging ulcer and occasionally a lump 

• Mstastasis is to inguinal lymph nodes 

• Greateruastibular gland is origin of mostwlwlaradenocarcinomas 

Childbirth and the périnéal body 

• Ckert or occult tearing of périnéal bodyresults in permanent weakness of pelvicfloor 

• Can in\»l\« tearing of posterior vaginal wall and owsrlying skin 

• Slowtoheal becauseoflackofvascularsupply 

• Episiotomydone if tearing of perineum is predicted 

• Incision usuallymadefrom posterior vaginal wall through midlinetojustanteriortoanus 
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38 Perineum and External Genitalia: Male 

STUDYAIMS 

fit the end of your study, you should be able to: 

• Outline the general organization of the perineum 

• Describe the contents of the urogénital and anal triangles 

• Describe the central périnéal tendon and périnéal membrane 

• Outline the fascial layers and spaces of the perineum 

• Describe the anatomy of the scrotum 

• Describe the anatomy of the pénis 
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GUIDE 

Pelvis and Perineum: Perineum and External Genitalia: Male 






Perineum 

General organization (Same as female) 

• Narrow région between superior médial aspects of thigh 

• VWth lower limbs abducted in litbotomy position, becomes a diamond-shaped area 

• Bounded by pelvic diaphragm superiorlyand superficial fascia and skin inferiorly 

• Anal canal, urethra, and vagina (females) pass through the perineum 

• Boundaries: 

o Anterioriy Pubic symph>sis 
o Posteriori/ Inferior sacrum and coccyx 
o Anterolaterally Ischiopubic rami 
o Laterally. Ischial tuberosities 
o Posterolaterally Sacrotuberous ligaments 

• Divided into two triangles by imaginary line between ischial tuberosities 

• Posteriorlyis anal triangle 

• Anterioriy is urogénital triangle 


Contents ofanal triangle (Same as female) 

• Anal canal and anus 

• External and internai anal sphincters 

• Ischiorectal fossa 

Contents of urogénital triangle 


Msmbranous and spongyurethra (males); distal urethra (females) 


300 / 425 







• \âgina (females) 

• Proximal erectile bodies of the pénis (males) and vulva (females) 

• Attachmentof the scrotum 


Central périnéal tendon (périnéal body) (Same as female) 

• Located at midpointof the line dividing the urogénital from anal triangles 

• Mass ofcollagenous and elasticfibers 

• Deeptoskin 

• Anterior to anal canal 

• Posteriorto bulb ofthe pénis (male) or vestibule (female) 

• Site of attachaient for 

o Bulbospongiosus 

o Superlicial transverse périnéal muscles 
» Deep transverse périnéal muscles 
o Extemal anal sphincter 

o Fasddes of muscle from extemal sphincter urethrae and levator ani 


Périnéal membrane 


• Thinsheetofdeepfascia 

• Runs between the two ischiopubic rami 

• Spans anterior pelvic outlet 

• Pierced byurethra and ducts of bulbourethral glands 

• Is attached to périnéal body at midpoint of posterior margin 

• Thickened anterior margin = trans\erse périnéal ligament 

• Superficial transverse périnéal muscles 

o Lie superfidal to (external to) périnéal membrane 

o Extend from ischiopubic ramus on either side along posterior aspect of périnéal membrane to attach to the périnéal body 

• Deep transverse périnéal musdes 

o Lie deep to (internai to) périnéal membrane 

o Extend from ischiopubic ramus on either side along posterior aspect of périnéal membrane to attach to the périnéal body 

• Sphincter urethrae (extemal uréthral sphincter) 

o Lies deepto (internai orsuperiorto) périnéal membrane 
o Circularfibers around membranous partof urethra in males 
o Anterior to deep transverse périnéal muscles 

• Deep transverse périnéal musdes and sphincter urethrae traditionallytermed urogénital diaphragm 
Fascia andspaces ofthe urogénital triangle 


• Superficial fasda ofthe urogénital triangle has two layers, similarto the abdomen 

o Superficial fatty layer 
o Deep membranous layer (Colles' fasda) 

o Superficial layer replaced in pénis and scrotum bydartos layer (smooth or dartos musde) 

• Membranous layer of superfidal fascia 

o Posteriorly attached to posterior margin of périnéal membrane and périnéal body 
o Laterally attached to deep fascia (fascia lata) of superior médial thigh 

o Anterioriy is continuous with membranous layer of superficial fasda of abdomen (Scarpa's fascia) 

• Deep périnéal fasda (Gallaudefs fasda) 

o Invests ischiocavemosus, bulbospongiosus, and superfidal transverse périnéal muscles 
o Fusedtosuspensoryligamentofpénisorditoris 

• Superficial périnéal space (pouch) 

o Between membranous layer of superfidal fascia and périnéal membrane 
° Contains in males: 

Bulb and crura of pénis and associated muscles 
Proximal spongyurethra 
o Superficial transverse périnéal muscles 

Branches of internai pudendal \essels and pudendal nenes 
o Contai ns i n femal es : 

Crura of clitoris and assodated musdes 

Bulbs of vestibule and associated muscles 

Superficial transverse périnéal musdes 

Branches of internai pudendal vessels and pudendal nenes 

Greater vestibular glands 

• Deep périnéal space (pouch) 

o Lies between périnéal membrane and pelvic diaphragm 
o Ischioanal fossae extend anteriorly into this space 
° Contains: 

Membranous urethra 
Extemal sphincter urethrae 

Bulbourethral glands: secrete dear mucous during sexual evcifation, ducts descend through périnéal membrane and terminate in 
spongyurethra 

Deep transverse périnéal muscles 
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; and nenes 



[Rate 367, Scrotum and Contents] 


• Sacderived from skin and superlicial fascia of abdominal wall 

• Contains testes, epididymis and distal portion spermatic cord 

• Skin shows midline scrotal raphe = fusion of bilateral labioscrotal swellings in embrya 

• Dartos fascia 

o Continuation of deep membranous laysr of superficial fascia of abdomen 
o Contains significantsmooth muscle = dartos muscle 
o Extends inward, fbrming scrotal septum, separating right and left halves 

• Deep to dartos, tunics of spermatic cord (external spermatic, cremasteric and internai spermaticfascia fbrm a fused layer around and 
extemal to tunica vaginalis 

• Supplied byexternal pudendal arteries and wsins 

• Lymphatics drain to superficial inguinal lymph nodes 

• Innerwated by 

o Anteriorfy, ilioinguinal nerte and génital branch of genitofemoral 

o Posteriorly posterior scrotal nervss (terminal branches ofthe pudendal) and périnéal branches ofthe posterior fémoral cutaneous 


• Male organ of copulation 

• Composed of a body (shaft), roof and gtans 

o Anchored in superlicial périnéal space (pouch) and attached to périnéal membrane 
o Contains three cylindrical masses of erectile tissue 

a. paired corpora ca\emosa in parallel on dorsal surface 
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b. corpus spongiosum in midline of uréthral surface (fadng scrotum) 
o Each erectile bodycousred bya fibrous tunic albuginea 

• Corpora cawsmosa 

o Diverge posteriorlyto fbrm the aura of the pénis 

o Each crus attaches tothe inferior surlace ofcorresponding ischiopubicramus, anteriorto ischial tuberosity 

• Gfens ofthe pénis is the distal expansion ofthe corpus spongiosum: proximallyitlbmns bulb 

• Membranous urethra pierces the périnéal membrane and enters the bulb from above (so now is called spongy urethra) and terminâtes at 
extemal uréthral meatus (atapexglans) 

• Roof of pénis is formed bybulb and crura 

• Two muscles are associated with erectile bodies 

o Bulbospongiosus muscle 
o Ischiocavemosus muscle 

• Bodyis surrounded bydeepfascia (Buck's fesda), external to tunic albuginea 

• Skin of pénis is connected to deep tasda by loose areolar connective tissue 

• A neck ofthe glans, the skin and connective tissue ofthe pénis extends and a double-layered fold, the prepuce or foreskin 

• Vfessels and nerves run on dorsum of pénis 

o Between skin and deep fesda 
o Between deep fesda and tunica albuginea 

• Innenation 

o Dorsal nerve ofthe pénis from the pudendal nerve 

Passes the length ofthe pénis latéral to the dorsal arteryon thatside 
Lies beneath deep fesda 
Supplies skin and glans 

o llioinguinal nerve supplies skin of proximal shaftof pénis 

o Erection controlled byparasympathetic nerves (pelvicsplanchnic nerves), which rela>es smooth musde in coiled arteries of pénis 
supplying erectile bodies 

• Arterial supply 

o Dorsal arteries of pénis from internai pudendal arteries run on eitherside of deep dorsal vain beneath deep fesda 
» Deep arteries from internai pudendal arteries 
Run distally within centerof corpora cavernosa 
Highly coiled branches (helicine arteries) supply erectile tissue 
o Arteryof bulb of pénis from internai pudendal arterysupplies posterior corpus spongiosum 
o Extemal pudendal arteries supplyskin of pénis (branch offemoral artery). 

• Vfenous drainage 

o Deep dorsal vein of pénis receives blood from venous plexus 

Drains to prostatic venous plexus and then to internai iliac/internal pudendal \«ins. 
o Superficial dorsal vein of pénis drains to superficial external pudendal vein 

• Lymphatic drainage mainlyto superfidal inguinal nodes 

Muscles of the pénis 


Muscle 

Proximal attachment 

Distal 

attachment 

Innervation 

Action 

Bulbospongiosus 

Vèntral surface of bulb of pénis 

Périnéal body 

Corpus 

spongiosus 

Deep branch of périnéal 
nerve from pudendal nerve 

Compresses bulb of pénis 
Forces blood into bodyof 
pénis during érection 
Compresses outllow veins 

Ischiocavemosus 

Inferior internai surface of ischiopubic 
ramus and ischial tuberosity 

penis° f 

Deep branch of périnéal 
nerve from pudendal nerve 

Forces blood into bodyof 
pénis during érection 
Compresses outflow veins 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


Uréthral rupture may occur spontaneously or occur as a resuit of extemal (fractures of the pelvis, penetrating injury) or internai (fbllowing 
catheterization or instrumentation) trauma. 

Site of uréthral rupture détermines where urine will extrauasate 

The superlicial périnéal fasda is continuous with the deep membranous layer of the superficial fasda of the anterior abdominal wall. If 
there is disruption of the spongy urethra, urine may extravasate into the superficial périnéal pouch and ascend up the anterior abdominal 
wall beneath the deep membranous layer. It will not extend into the anal triangle, because the superfidal périnéal fasda is tacked down to 
the périnéal membrane along its posterior margin. It will not extend into the thigh because the superfidal périnéal fasda is tacked down to 
superomedial fasda lata of the thigh. 

Penile trauma is rare. Rupture of the tunica albuginea and bleeding into the deep fasda can resuit in swelling of the pénis. 


Mnemonics 

Memory Aids 
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39 Testis, Epididymis & Ductus Deferens 

STUDYAIMS 

fit the end of your study, you should be able to: 

• Describe the gross structure of the testes 

• Understand the organization ofthe ducts of the testes: seminiferous tubes, rete testis, eflerent dudules 

• Describe the basic structure ofthe epididymis 

• Describe the course ofthe ductus deferens from the testes to the urethra 

• Understand the anatomyofthe séminal vesides and theirducts in relation to the formation ofthe ejaculatoryduct 

• Knowthe location ofthe ejaculatory ducts and wherethey enter the urethra 

• Know the anatomyand organization ofthe prostate gland 

• Outline the contents of semen and the factors that control éjaculation 
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GUIDE 

Pelvis and Perineum: Testes, Epididymis, and Ductus Deferens 
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• Ovoid structure, approximately 5 cm long 

• Site of sperm production 

• Contains 200 to 300 lobules separated by connective tissue septa 

• Two to 3 highlycoiled seminiferous tubules in each lobule, 1 meter in length 

• Tubules con\erge toward posterior testis and discharge contents into duct network of rete testis 

• IVfediastinum testis 

o Posterior région of testis where vessels and nenes enter and lea\« 
o Not co\«red bytunica vaginalis 
o Contains rete testis 

o Contains effierent dudules connecting rete testis to head ofepididymis 

• Suspended by spennatic cord and located in saotum 

• Is couered bythree distinguishable layers: 

o Tunica albuginea-tough fibrous layer 
o Viscéral layer of tunica vaginalis-serous layer 

Applied to testis, epididymis, and distal spermatic cord 
o Pariétal tunica vaginalis 

Pariétal and viscéral tunica «aginalis deriMad ffom peritoneal outpocketing in embryonic life 
Separated bysmall amountof serous fluid thatallows testis to mo« in scrotal sac 
Déficient posteriorly to transmit epididymis and blood usssels 

• Blood supplyTesticularartery 

• \fenous drainage: Pampinifbrm plexus 


• Formed ffom convolutions of narrow duct of the epididymis 

• Located on posterior aspect testes within scrotum 

• Consists of a head, a body and a tail 

• Head tbrmed from ends of approximately 12 efférent ductules from the testis 

• Tail is continuous with ductus deferens 

• VMiere sperm are stored, mature, and become motile 

• Blood supplyTesticularartery 

• Vfenous drainage: Pampinifbrm plexus 
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Ductus deferens (Vas deferens) 


• Twenty-fivs cm long 

• Connecte tail of epididynis to ejaculatory duct 

• Course: 

o Commences at tail of epididymis 

o Travels in spermaticcord (where itcan be palpated) through superficial inguinal ring and through inguinal canal 
o Emerges at deep inguinal ring and crosses o\er extemal iliac vessels to run along the latéral pelvic wall 
o Crosses above and médial to the ureter where it becomes dilated and fomns the ampulla 

o Ampullae converge with each other on the posterior aspect of the bladder and narrow before uniting with duct of the séminal \esicle 
to fomn ejaculatory duct 

o Ejaculatoryductopens into the prostaticurethra 

• Blood supply Branch of inferior vésical artery= deferential artery 

• \fenous drainage: Deferential \ein(s) to prostatic venous plexus to internai iliac veins. 


Séminal vesicles 

• Elongated, coiled structures between fundus of bladder and rectum 

• Separated from rectum by recto\esical pouch 

• Do not store sperm 

• Seaete alkaline fluid that mi>œs with sperms in ejaculatory ducts and urethra 

• Duct of each séminal \esicle joins ductus deferens toform ejaculatory duct 

• Supplied bybranches and tributaries of inferior and middle rectal vessels 


Ejaculatory ducts 

• Formed from union of ductus deferens with duct of séminal \esicle 

• Short, approximately2.5 cm 

• Con\erge and open on séminal colliculus of prostatic urethra as two slits 

• Supplied bydeferential arteries 

• Drained by prostatic and vésical plexuses 

Prostate 


• Encapsulated gland surrounding urethra between neck of bladder and pelvic floor 

• Directlybehind inferior edgeofpubicsymphyis 

• Composedof 

o Two latéral lobes 

o Anterior lobe or isthmus connecting latéral lobes anteriorly 
o Posterior lobe below ejaculatory ducts and posterior to urethra 
o Mddle lobe between urethra and ejaculatory ducts 

• Contains glands that produce 20% of volume of semen 

• Ducts of glands combine to fbmn prostatic ducts opening into prostatic sinuses on either side of séminal colliculus in prostatic urethra 

• Dense fascia sheath outside capsule contains prostatic venous plexus that drains to internai iliac veins 

• Supplied by prostatic arteries from several sources induding internai iliac or inferior vssical arteries 
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FACTS & HINTS 

High-Yîeld Facts 

Anatomie Points 

Semen conta ins: 

• Sperm from the testes: 40 to 600 million per ejaculate but only 10% of total ejaculate 

• Séminal wsside sécrétions: alkaline fluid rich in fructose, 70% of total ejaculate 

• Prostatic sécrétions: lipids, acid phosphatase, proteolytic enzymes, citric acid 

• Other contents: potassium, zinc, citric acid, phosphorylcholine, spermine, ffee amino adds, and prostaglandins 

Mechanism of Maculation 

• Controlled by sympathetic nerwius System 

• Contraction of smooth musde of ductus deferens, séminal vasides, and prostate propels sécrétions into prostatic urethra 

• Simultaneous contraction of smooth musde in bladder neck prenants rétrogradé éjaculation (refluxof semen into the bladder) 

• Semen is expelled from the urethra by contraction of the bulbospongiosus musdes 


Clinical Points 
Hydrocele 

• Ai accumulation of serous fluid in space between pariétal and viscéral layers of tunica vaginalis 

• Présents as a fluctuant swelling in the testes 

• Détection requires transillumination-bright light applied to the swelling présents as a red glow in a darkened room 

• May be congénital, precipitated bytrauma or inflammation of the epididymis 


Clinical Points 
Vasectomy 

• Amethod of birth control because it produces sterility 

• Failure rate less than 95% 

• Performed under local anesthetic 

• \ës deferens is isolated via a small scrotal indsion in superoanterior scrotal wall 

• Asegment of duct is damped or ligatured at each end, the segment is sectioned and the ends are cauterised 


Clinical Points 

Testicular Cancer 

• Ninety-five percent are gernn cell tumors 

• Nearlyall are malignant 

• Peak incidence 15 to 34 years 

• Présents as firm, painless lump in testes or a reactionary varicocèle 

• Potentially curable with surgical resection (orchidectomy) if detected early 

• Matastasizes to lumbar lymph nodes 

Mnemonics 

Memory Aids 


Table 103-1. Innervation of the Pénis 


"Point and Shoot" 


Erection ("Point') is controlled by the Parasympathetic nervaus System and éjaculation ("Shoot') by 
|the Sympathetic nenous System.__ 
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40 Rectum 

STUDYAIMS 

At the end of your study, you should be able to: 

• Describe the gross structure of the rectum, induding its musculature 

• List the relations of the rectum 

• Outline the blood and vascularsupplyofthe rectum 

• Describe structures that may be palpated on digital rectal examination 

• Describe the anatomyof the anus 

• Describe the blood and \asculature supplyto the different régions of the 



GUIDE 

Pelvis and Perineum: Rectum and Anal Canal 



[Plate 372, Ischioanal Fossae] 


Gross structure 

• Approximately 12 cm in length 

• Is a part of the large bowel 

• Commences at le\el S3 wrtebral body and follows the curvs of the sacrum and coccyx 

• Is a continuation of the sigmoid colon at rectosigmoid junction 

• Extends from rectosigmoid junction to anal canal (anorectal junction) 

• Anorectal junction 

o Lies at lewsl of pelvic floor 

» Puboredalis muscle Ibrms a U-shaped sling atthis point 
o Périnéal flexure annulâtes anorectal junction 
o Is palpated as anorectal ring on digital rectal examination 

• Three latéral cunes/flexures in the rectum (upper and lower curves deviate to the right; the middle to the left) 

• Rectal ampulla 

o in région of middle and lower curves 
o Somewhatdilated 
o Lferydistensible 

• Internai structure 

o Smooth mucosa, changes from rugose mucosa of sigmoid colon 
o Trans'Ærse rectal folds 

■ Three infoldings of mucosa and submucosa project into lumen 

■ Superior, middle, and inferior 

■ Called rectal \alwss of Houston 

■ Resultfrom three latéral flexures 
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Relations 


• Peritoneum 

o Upperthird of rectum covered byperitoneum on anterior aspect and sides 
o Mddle third of rectum cowsred by peritoneum on anterior surface only 
o Lower third of rectum below peritoneal reflection 

• Pararectal fossae on latéral sides of rectum in peritoneal cavity 

• Rectovesical septum of pelvic fascia séparâtes rectum from prostate 

• Rectovaginal septum of pelvic fascia séparâtes rectum from uagina 

• Latéral ligaments of rectum-condensations of pelvic fascia around middle rectal \essels 


Relations of Rectum 


Relations 


Posterior 

Piriformis musde 

Superior rectal vessels 

Hypogastric plexus (ANS) 

Sympathetic trunk nerves 

Sacral plexus 

Inferior 

Levetorani muscles 

Latéral 

Pelvic plexus nerves (ANS) 

Ureters 

Anterior 

Sigmoid colon 

Anterior structures palpable on rectal examination 

Prostate (males) 

Base bladder 

Séminal vesides (males) 

Ampullae of ductus déferons (males) 

Cervix(females) 


o Mainlybysuperior rectal artery(continuation of inferior mesenteric artery) 

o Also supplied by the middle rectal arteries (from internai iliac arteries) to the middle and inferior parts 
o Inferior rectal arteries supply the anorectal jundions and anal canal 
o Superior, middle, and inferior rectal arteries anastomose with each other 

o Chief drainage via a rectal venous plexus to the superior rectal vein 
o Mddle and inferior rectal veins also drain the rectum 
o Superior rectal vein drains to the portai System 

o Mddle and inferior rectal veins drain to the inferior vena cave via the internai iliac vein 
o Anastomoses between these veins link the portai and System Systems 

• Lymphatic drainage 

o Lymphatic vessels from superior half of rectum drain to pararectal nodes and from there to inferior mesenteric and lumbar nodes 
o Lymphatic vessels from the inferior half of the rectum travel with the middle rectal vessels to the internai iliac nodes and 
anastomose with the lymphatics of the anal canal 

• Nerve supply 

o Sympathetic innervation 

From lumbar sympathetic fibers via the inferior mesenteric arteries and the superior rectal arteries to the superior rectal plexus to 
blood vessels of rectum 
o Parasympathetic innervation 

Are the main motor fibers to muscles of the rectal wall 

From the pelvic splanchnic nerves (S2-S4) via the inferior hypogastric (pelvic) plexus to middle rectal plexus 
o Viscéral afferent (sensory) fibers travel via the inferior hypogastric (pelvic) 
plexus and pelvic splanchnics backto spinal cord 


Anal Canal 
Gross structure 

• Terminal part of gastrointestinal tract 

• lsapproximately3cmlong 

• Commences at anorectal junction and ends at anus 

• Endrded by internai and external sphincter musdes 

• Descends between périnéal bodyand anococcygeal ligament 

• Mucosal liningof superior has longitudinal ridges-anal columns 

» Inferior ends of columns joined byanal velves 
o Behind valves are small sinuses: anal sinuses 
o Anal glands (mucus) empty into anal sinuses 

• Inferior end ofanal valves forms an irregularline: pectinate (ordentate) line 

• Pectinate line divides the superior portion of the anal canal, derived from embryonicendoderm (hindgut), from the inferior portion derived 
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from ectoderm (proctodeum) 

• Inferior halflined bynonkeratinizBd squamous epithelium (skin) 

• Vëscular, nerve and lymphatic supply ofthesetwo régions different as a resuit of different embryologie origin 

Vascul ar, Lymphatic, and Nerve Supply to the Anal Canal _ 

Supply Above Pectinate Line Below Pectinate Line 


Arterial 

Superior rectal artery 

Inferior rectal arteries 

\ènous 

Internai plexus drains to superior rectal vein and portai 
System 

Internai venous plexus drains to inferior rectal veins and 
cavel s>stem 

Lymphatic 

To internai iliac and common iliac and lumbar nodes 

To superfidal inguinal nodes 

Nene 

From inferior hypogastric (pelvic) plexus (both sympathetic 
and parasympathetic; sensitive to stretching only) 

From inferior rectal nerves, branches ofthe pudendal 
nerves (sensitive to pain, température and touch) 


• Has two sphincters: externat (veluntary) and internai (involuntary) 
o Extemal sphincter 

Described as having superfidal, subeutaneous, and deep parts 
Parts are not readilydistinguishable 

Fibers attach to the central périnéal tendon (body) anteriorly and anococqgeal ligament posteriorly 
o Internai sphincter: internai circularmuscularlayercontinuousfrom rectum around uppertwothirds ofanal canal 


Anorectal Musculature 
Ischiorectal (Ischioanal) fossae 


• Fattilled, wedge-shaped recesses eitherside ofanal canal 

• Communicate with each other posteriorly over the anococcygeal ligament 

• Bounded by 

o Laterally ischium and obturator intemus muscle and fascia 
o Medially: anal canal surrounded byextemal anal sphincter 
o Anteriorly byextemal sphincter urethrae and deep transverse périnéal muscles 
o Superioriybypelvicdiaphragm 
o Inferiorly bysuperficial périnéal fascia and skin 

• Filled with fat spanned byfibrous bands to support anal canal but compressible during défécation 

• On latéral walls are found internai pudendal vessels and pudendal nerve within pudendal (Alcock's) canal in the fascia of the internai 
surfaces of obturator muscles 

• Extends anteriorly superiorto périnéal membrane as anterior recesses of ischiorectal (ischioanal) fossae 

• Important site abscess formation 
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FACTS & HINTS 

High-Yîeld Facts 

Anatomie Points 

Mechanism of Défécation (Bnptying of Bowel) 

• Occurs as the resuit of action of the pelvic splanchnic ner\es-increase peristaltic action of rectum 

• Feces mow through anal canal 

• Pressure in rectum causes reflexcontraction of external anal sphincter 

• Contraction of external anal sphincter causes relaxation of peristaltic contraction 

• External anal sphincter relaæs and défécation occurs 


Clinical Points 


Anal Hemorrhoids (Varicosities) 

• Can be internai or external 

• Internai 

o Are prolapses of mucosal lining containing internai venous plexus 
o Can prolapse through anal canal, become strangulated bysphincters, and ulcerate 
» Arepainless 

• External 

o Are blood dots in external yenous plexus 
o Arepainful 

• Are caused by 

o Anything that increases intra-abdominal pressure, such as chronic constipation (straining) or pregnancy 
o Portai hypertension (drrhosisof the liver) 

• \âricosities of the ysnous plexuses are normal 

• Internai hemorrhages can occur without portai hypertension 

Ischiorectal and Perianal Abscesses 

• Anumber of potential tissue spaces surround the anal canal and rectum and may become infected because of 

o Inflammation of anal sinuses 
o Extension of an infection from the pelvis 
o Tear in the mucous membrane of the anal canal 

• Abscesses are dassified according to the space occupied: 

o submucosal 
o peri-anal 
o intersphincteric 
o ischiorectal 
o péri rectal 

• Perianal and ischiorectal accountforapproximately80% of ail abscesses 

Rectal prolapse 

• Ewersion of the lower part of the rectum and anal canal 

• Occurs as a resuit of weakness of pelvic floor muscles and breakdown of pelvic fasda 

• Commoninelderiy(olderthan80years) 

• IVbre common in women, since perineum is weakened by childbirth 

Digital Rectal Examination 

• Performed with patient in left latéral position 

• Perianal région is initially inspected forfistulae, fissures, skin tags, and prolapsed hemorrhoids 

• Ninety percent of rectal cancers palpable 

• Surfaces of sacrum and coccyxand ischial spines and tuberosifies can be palpated 

• Enlarged internai iliac lymph nodes and ischiorectal (ischioanal abscesses can also be palpated) 

• In men: prostate and séminal uesides can be palpated anteriorly 

• In women: cenixcan be palpated anteriorly 
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41 Vasculature 

STUDYAIMS 

At the end of your study, you should be able to: 


• Describe the arterial blood supplyof the pelvis and perineum 

• Name the viscéral and pariétal branches of the internai iliac artery 

• Outline the venous drainage of the pelvis and perineum 

• Outline the lymphatic drainage of the pelvis and perineum 
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GUIDE 

Pelvis and Perineum: Vasculature 

Pelvic Vasculature 



Arterial supply to the pelvis 

• Four arteries supply the true or lesser pel\is and its contents 

o Paired internai iliac arteries 
o Paired ouarian arteries 
o Médial sacral artery 
o Superior rectal artery 

• Main arterial supply is from branches internai iliac artery 

• Médial sacral arteryfrom abdominal aorta supplies lower lumbar \«rtebrae, sacrum, and coccyx 

• Superior rectal artery (branch interior mesenteric artery) supplies upper région of rectum 

• CXarian arteries (from abdominal aorta) supplythe ouaries, descending in the suspensoryligamentof the ouary 

• Internai iliac artery 

» One of two terminal branch common iliac arteries (other is extemal iliac) 
o Common iliac bifurcates anterior to saaoiliacjoint 
o Internai iliac artery is crossed by ureter at its origin 

o Passes posteromedially into the true pelvis beneath the peritoneum, giving off branches to the buttocks, thigh, perineum, and pelvic 
viscera. Usually ends at the level ofthe superior edgeofthegreatersciatic foramen bydividing into anterior and posterior dissions 

Branches of Internai Iliac Artery and Structures Supplied _ 


Viscéral Vessels Structures Supplied Comment 

Umbilical artery 

Superior urinary bladder via 
superior vésical 

Aleryto ductus deferens in males 

From anterior division of internai iliac 

Oblitérâtes and becomes médian umbilical ligament 

Superior \«sical 
artery 

Superior urinary bladder 

Ureter in pelvis 

From proximal part of umbilical 

Branch given to ductus deferens 
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Inferior vésical 

Inferior urinary bladder 

Prostate 

Séminal vesides 

Ductus deferens 

From anterior division of internai iliac 

Onlyexists in males 

Uterine artery 

Vëgina 

Utérus 

Uterine tubes 

From anterior division of internai iliac 

Terminâtes by anastomosing with ovarian artery 

Mddle rectal 

Inferior rectum 

Séminal vesides 
+/- prostate 

From anterior division of internai iliac 

Vbginal artery 

Inferior urinary bladder 

From uterine 

Pariétal Structures Supplied Comment 

Branches 

Obturator artery 

Pelvic musdes 

Head of fémur 

Musdes of médial compartment 
thigh 

From anterior division of internai iliac 

Runs through obturator canal with obturator vein and artery 

Occasionallycan take origin from inferior epigastric artery 

Superior gluteal 

Piriformis musde 

Al three gluteal musdes 
Tensorfascia lata 

From posterior division of internai iliac 

Exits via greatersciatic foramen above piriformis muscle 

Inferior gluteal 

Pelvic diaphragm 

Piriformis 

Quadratus femoris 

Gluteus maximus 

Hamstring musdes 

From anterior division of internai iliac 

Exits va greatersciatic foramen below piriformis muscle 

Internai 

Pudendal Artery 

Musdes and skin of anal and 
urogénital triangles 

Erectile bodies 

From anterior division of internai iliac 

Passes through greater sdatic foramen below piriformis and enters 
perineum via lesser sciatic foramen 

lliolumbar artery 

Psoas major 
lliacus 

Quadratus lumborum 

From posterior division of internai iliac 

Ascends deep to common iliac and anastomoses with lower lumbar 
arteries 

Latéral sacral 

Piriformis 

Contents of sacral canal 
Erectorspinae 

From posterior division of internai iliac 

Runs on piriformis 

Sends branches into pelvic sacral foramina 


Venous drainage of the pelvis 

• Vëins acœmpanymain branches of internai iliac artery 

• Around pelvic organs they anastomose to form venous plexuses: rectal, vésical, prostatic, uterine and vaginal 

• Extensive prostatic venous plexus and anastomoses occur around the pelvic viscera in a male 

• Extensive anastomoses and venous plexus surrounding the utérus and vagina in female 

• Vfenous plexuses communicate with each other 

• Vfeins and plexuses eventuallydrain into internai iliac vein 

• Some venous blood fforn the pelvis drains to the internai vertébral venous plexus 

• Internai iliac veins are found deep to the arteries 

• Become confluent with external iliac veins toform common iliac veins 

• Aportacaval anastomosis occurs between the superior rectal vein and inferior rectal veins 


Vasculature Supply of the Pelvic Organs 

Organ 

Pelvic organs 
common to male 
and female 


Superior and inferior vésical arteries ofanterior 
[division of internai iliac artery_ 


Branches of inferior vésical and middle rectal arteries 


Ductus deferens 


Inferior vésical and middle rectal arteries 


Ovarian artery from abdominal aorta, which 
I anastomoses with the uterine artery (a branch ofthe 


Parallel to the arteries 


Internai iliac vein via vésical and prostatic venous 


Drain to internai iliac veins 


Drain to internai iliac veins 


Prostatic venous plexus receives the deep dorsal vein 
|of pénis and vésical veins. It drains into the internai 
iliac veins 
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internai iliac artery) 


Uterine tube 

Ovarian arteryfrom abdominal aorta, which 
anastomoses with the uterine artery(a branch ofthe 
internai iliac artery) 

Ovarian vein drains to inferior vena cave on the right 
and left rénal vein on the left 

Utérus 

Branches of ovarian artery (from the aorta), uterine 
and vaginal arteries (from the internai iliac artery) 

Ovarian vein (see ovary), uterine and vaginal vains 
(drain tothe internai iliac vains) 


Lymphatic drainage ofthe pelvis 

• Lymphatic vessels accompanyarteries 

• Most lymph drains to internai iliac nodes and then to common iliac nodes 

• The owaries, testes, and rectum drain to aortic nodes 

• Some vessels from body ofthe utérus drain to superfidal inguinal nodes, following the round ligament ofthe utérus 


Périnéal Vasculature 
Arterial supply of the perineum 


• Mainlyfrom internai pudendal artery (branch internai iliac artery) 

• Supplies muscles and skin of anal and urogénital triangles, eredile bodies of perineum 

• Internai pudendal artery 

o Passes through greater sciatic foramen inferior to the piriformis muscle 
° Loops around the sacrospinous ligament 

o Enter the lesser sciatic foramen to reach the ischioanal (ischiorectal)fossa and perineum 
o Traverses the fossa in the pudendal (Alcock's) canal 
o Gives off branches before entering the canal and in pudendal canal 
o Médial to ischial tuberosity terminâtes as deep and dorsal arteries of pénis (or clitoris) 

Branches of Internai Pudendal Artery Supplying Perineum 


Branch 

Structure Supplied 

Comment 

Inferior rectal artery 

Anal canal 


Posterior scrotal (labial) artery 

Scrotum (labia in females) 


Branch to bulb of pénis 

Bulb of pénis (vestibule in females) 


Branch to crus of pénis 

Crus of pénis (ditoris in females) 


Dorsal artery of pénis (ditoris) 

Erectile tissue corpus cavernosum 

Smaller artery in females 

Deep artery ofthe pénis (ditoris) 

Erectile tissue corpus cavernosus 

Smaller artery in females 


Venous drainage ofthe perineum 

• Branches of internai pudendal arteryaccompanied byvenae comitantes 

• Drain into internai iliac vein 


Lymphatic drainage ofthe perineum 

• Pénis and velva drain to the superfidal inguinal nodes 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 
Varicocèle 

• Abnormal dilatation of pampiniform wenous plexus 

• Almost alwa>s left-sided because left testicular vein drains into left rénal vein not inferior \ena ca\a as on the right 

• Seen when patient stands, disappears on lying down 

• Caused by defective \al\es in testicular artery or problem with left rénal vein 
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42 Innervation 

STUDYAIMS 

fit the end of your study, you should be able to: 

• Describe the formation of the sacral plexus 

• Know the main branches of fois plexus and what they supply 

• Describe the parasympafoetic innervation of the pelvis 

• Describe the sympathetic innenation of the pelus 

• Describe the innenation of the perineum 
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GUIDE 

Pelvis and Perineum: Innervation 



4 ^ 
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Innervation of the Pelvis 

• Pelvic innervation is both somatic and autonomie 

• Many nerves pass through the pelvis without innervating any structures 

Sacral plexus (somatic contribution) 

• Located on posterior wall of true pelvis on anterior surface of pirifbrmis muscle 

• Formed byvantral rami of S1-S4 spinal nerves and the lumbosacral trunk, fbrmed fforn fibers from the ventral rami of L4-L5 spinal nerves 

• Branches supply: lower limb; pelvic floor and wall and perineum; most branches leave the pelvis through greater sciatic foramina 

• Two major branches are the sciatic nerve and pudendal nerve 

Branches of the Sacral Plexus 


Nerve 

Structures Supplied 

Spinal nerve origin 

Major branches 



Scratic 

Hipjoint 

Flexor muscles of knee 

Muscles of leg and foot 

L4-L5, S1-S3 

Pudendal 

Sensoryand motorto ali structures in the perineum 

S2-S4 

Superiorgluteal 

Gluteus médius and minimus muscles 

L4-L5, SI 

Inferiorgluteal 

Gluteus maximus muscle 

L5, S1-S2 

Posterior fémoral cutaneous 

Sensoryto buttock, superior médial, and posterior thigh 

S2-S3 

Minor branches 



Nerva to pirifbrmis 

Piriformis muscle 

SI-SI 

Nerve to obturator internus and superior gemellus mm 

Obturator intemus and superior gemellus muscles 

L5, S1-S2 

Nerve to quadratus femoris and inferior gemellus mm 

Quadratus femoris and inferior gemellus muscles 

L4-L5, SI 

Nerve to levator ani and coccygeus 

Pelvic diaphragm 

S3-S4 
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Autonomie nerves 


• Sympathetic innervation 

» Sympathetic trunks 

o Contain libers from lowerthoradcand upper lumbar spinal segments 
Descend on posterior abdominal wall on eitherside ofthe vertébral bodies 
Descend behind common iliac artery, in front of sacrum and piriformis muscle 
Fuse on anterior surface of coccyx as ganglion impar 

Are source of sacral splanchnic nerves that join inferior hypogastric (pelvic) plexus in pelvis 

Contain either postsynaptiefibers from synapses in ganglia superiorlyor pre- synaptic fibers that will synapse in one of four 
sympathetic ganglia in pelvis 

Primaryfonction is to send postsynaptiefibers to sacral spinal nerves via grey rami communicantes 
No white rami communicantes associated with sacral sympathetic trunks because sympathetic outflow is thoracolumbar 
o Lumbar splanchnics join superior hypogastric plexus 
o Superior hypogastric plexus 

Is located justbelowthe bifurcation ofthe aorta 
Is a continuation ofthe intermesenteric/aortic plexus 
Contai ns no parasympathetiefibers 
Contains viscéral afferents ascending from the pelvis 

Continues into the pelvis as loose collections of fibers in either side ofthe anterior sacrum = right and left hypogastric nerves 
Spreads out in pelvis as inferior hypogastric (pelvic) plexus 
o Functions 

\âsomotor, pilomotor, secretoryto sweat glands to skin of perineum and lower limb 
Controls éjaculation (in males) 

Innervâtes smooth muscle of blood vessels in pelvis and smooth muscle of some organs 

• Parasympathetic innervation 

o From pelvic splanchnic nerves 

Outflow from 2nd to 4th sacral spinal cord segment 
Contain viscéral afferents 
o Controls micturition, érection, and défécation 

o Innervâtes descending and sigmoid colon via fibers ascending in the sigmoid mesenteryand the pariétal peritoneum ofthe left side 
ofthe posterior abdominal wall 


Inferior Hypogastric (Pelvic) Plexus 
General structure 

• Formedfrom fibers of hypogastric nerves, sacral splanchnic nerves, and pelvic splanchnic nerves 

• Lies on postérolatéral pelvic wall internai to internai iliac arteries and their branches 

• Gves off 

o Mddle rectal plexus 
o Uterovaginal plexus (females) 
o Lfesical plexus 
o Deferential plexus 
o Prostatic plexus (males 

o Cavemous nerves (nervi erigentes) to erectile tissue of pénis and clitoris 

• Bcept for cavemous nerves, nerves intheverious plexuses reach the viscera in companywith relevant branches ofthe internai iliac artery 

• Branches transmit efferents from both sympathetic and parasympathetic nervous Systems and viscéral afferents 


Contents 

• Pre- and postsynaptic sympathetic fibers from superior hypogastric plexus via hypogastric nerves 

• Postsynaptic sympathetic fibers from sacral splanchnic nerves 

• Sympathetic ganglia 

• Viscéral afferent fibers that either ascend along the hypogastric nerves or return to the CNS via the pelvic splanchnic nerves, depending on 
the information carried. 

• Presynaptic parasympathetic fibers from the pelvic splanchnic nerves 

• Enteric parasympathetic ganglia where the plexus lies on or near a pelvic viscus 

• Postsynaptic parasympathetic fibers from the enteric ganglia to the viscus innerveted 
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FACTS & HINTS 

High-Yîeld Facts 

Clinical Points 


The obturator nerva and vessels cross the floorof the ovarian fossa; therefore, ovarian disease such as malignancycan présent with 
referred pain to the médial aspect of the thigh. 

ffler a radical prostatedomy (remowal of the prostate gland, séminal uasides, and periprostatic tissue) for localized prostate cancer, erectile 
d^sfunction can occur, because of inadvertent damage ofthe cauamous neruas (nervi erigentes), the parasympatheticfibers from the pelvic 
plexus thatgouam érection. 


Clinical Points 

Pudendal Nerve Block 

• Performed to relieve périnéal pain during childbirth 

• Aiesthetic agent is injected into tissues around pudendal nerve 

• Injection is normallydone trans\aginally 

• Ph^sidan palpâtes the ischial spine and uses his or her Angers to direct the needle so thatthe anesthetic is injected in the région ofthe 
ischial spine, where the pudendal nerva wraps around it to enter the lesser sciatic foramen 

• Pudendal blocks do not relieva the pain of contractions 

Mnemonics 

Memory Aids 

S 2,3,4 keeps the Défécation is controlled by parasympathetic fibers to the rectum and anal canal from the pelvic splanchnic 
poo off the floor netves via the pelvic plexus. These nerves arise from S2, S3, and S4 spinal cord levais._ 
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Upper Limb 


43 Topographie Anatomy 

STUDYAIMS 

Atthe endof your study, you should be able to: 

• Identifythe bony landmarks: acromion, coracoid process of scapula, olecranon and head of ulna, médial, and latéral épicondyles, radial 
styloid process 

• Identifythe muscle masses of the deltoid, biceps, triceps, brachioradialis, and thenarand hypothenareminences 

• Identifythe deltopectoral triangle and cubital fossa 

• Identifythe course of the cephalic, basilic, and médian cubital \eins 
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GUIDE 

Upper Limb: Topographie Anatomy 





• Clavide: Subcutaneous; palpable throughout its length 

• Aromion: Easily palpable, traced mediallyto aaomiodavicular joint (see Section 6-2: Upper Limb: ShoulderandAxilla) 

• Coracoid process of scapula: Palpable deep and latéral to the deltopectoral triangle 

• Head of humérus: Palpable deep to deltoid inferiorto latéral edge of acromion when arm is rotated 

• Elbow: Palpable médial and lateral epicondyies of humérus and visible olecranon process of ulna (see Section 6-4: Upper Limb: Bbow 
and Forearm) 

• Head of radius: Palpable as it rotâtes during pronation and supination on postérolatéral aspect ofextended elbow, just distal to lateral 
épicondyle 

• Ulnar head: Visible on the médial side of the dorsal aspect of the wrist (see Section 6-5: Upper Limb: VWist and Hand) 

• Radial styloid: Palpable in the anatomical snuffboxon the lateral side of the wrist 

• Ulnar styloid: just distal to ulnar head with hand supinated 

• Pisiform: hard, round structure on anteromedial aspect of wrist 

• Tuberdes of scaphoid and trapezium: Palpable at proximal end of thenar eminence 


Muscles and Tendons 

• Deltoid muscle: Overlies the shoulder giving it a rounded appearance 

• Biceps : Bulge on anterior aspect of arm 

• Biceps brachii tendon: Palpable in cubital tbssa, lateral to midline with arm fleæd 

• Flexor tendons: Wrist and finger flexors visible distallyon ventral aspect of forearm 

• Extensor tendons: Wrist and finger fle>ors visible on the dorsum of the hand 

• Thenar eminence: Musdes atthe base of the thumb (see Section 6-5: Upper Limb: Wiist and Hand) 

• Hypothenar eminence: Musdes atthe base of the little finger (see Section 6-5: Upper Limb: Wist and Hand) 
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Arteriesand Veins 


• Brachial artery 

o Pulsations can be palpated deep to médial border of biceps muscle 
o Used to détermine heart rate in children 

• Radial artery Puise can befeltbycompressing artery against distal end of radius 

• Médian cubital Mein (see Section 6-4: UpperLimb: Bbowand Forearm) 

o Traverses the cubital fossa connecting cephalic to basilic ueins 
o Often used foruenipuncture 

• Cephalic vein ascends along latéral forearm and arm (see Section 6-6: UpperLimb: Neurovasculature) 

• Basilic vein ascends along médial forearm and distal arm (see Section 6-6: UpperLimb: Neurovasculature) 

• Dorsal venous network seen on the dorsum of the hand 


• Ulnar nerve can be felt under the médial épicondyle 
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FACTS & HINTS 

HIGH-YIELD FACTS 
Anatomie Points 
Functional OverView 

The upper limb is highly mobile and characterized by its abilityto perlbrm a wide range of controlled movsments to manipulate the surrounding 
envronment. It is suspended from the trunk at the shoulder, and its stability has been sacrificed to gain mobility Clinicallythe limb is divided into 
four régions: pectoral girdle, arm, forearm and hand. 

Upper Limb Development 

The upper limb buds from the embryjnic trunk and rotâtes 90 degrees laterally such that in the anatomie position, the ventral structures face 
anteriorlyand the dorsal structures posteriorly This contrasts with the médial rotation of the lower limb. Thus, the upper and lower limbs are 180 
degrees outof phase. Flexors of ail joints in the upper limb are anterior, and extensors are posterior. 

Clinical Points 

Winged Scapula 

• Normally the scapula is held dosely against the posterior thoracic wall. Damage to the long thoracic nerve to serratus anterior (which 
courses superfidallyo\erthe muscle) causes "winging"ofthe scapula as its médial border lifts awayfrom the thoraxwhen the arm is 
raised. This is accentuated when the individual leans on the hand or pushes the upper limb against a wall. IVbst importante the arm cannot 
be abducted above the horizontal plane because glenoid cavitycannot be rotated upward withoutthe action of the serratus anterior. 
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44 Shoulder and Axilla 

STUDYAIMS 

fit the end of your study, you should be able to: 

• Identifythe different parts and surface markings of the davide and scapula 

• Describe the stemodavicular, aaomiodavicular, and glenohumeral joints, their movements, and supporting ligaments 

• Understand the organization of the scapular musdes 

• Knowthe origins, insertions, and actions ofthe intrinsic scapular muscles 

• Identifythe boundaries ofthe axilla and describe its contents 



GUIDE 

Upper Limb: Shoulder and Axilla 



[Plate 409, Shoulder: Anteroposterior Radlograph] 
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[Plate 414, Scapulothoracic and Scapulohumeral Dissection] 
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[Plate 468, Shoulder Arthrogram, MRI, and CT] 


• Clavide: with sternal and acromial ends 

o Double-cuned long bone 
o Sternal end articulâtes with manubrium of sternum 
o Acromial end articulâtes with acromion 
o Osteological features 

■ Deltoid tuberdeforattachmentofthe deltoid musde 

■ Conoidtuberdefbrattachmentofconoid ligament 

■ Subdaviangroowsforattachmentofsubdavius musde 

■ Trapezoid line where trapezoid ligament attaches 

o Serves as a strut suspending the scapula and limb with maximum freedom 

• Scapula: lying against postérolatéral thorax 

o Triangular fiat bone 

o Lies postérolatéral on second through seventh ribs 
o Osteological features 

■ Concave costal surface = subscapular fossa 

■ Posterior surface divided by spine = transverse ridge of bone 

■ Supraspinous fossa 

■ Infraspinous fossa 

■ Acromion = flattened latéral end of spine 

■ Coracoid process = anterior projection above glenoid cavity 

■ Qenoid cavity= socketfor head of humérus 

■ Suprascapular notch (scapular notch) = notch Ibund on superior border, two thirds of the wayalong laterally 
o Capable of considérable mo\emento\erthoracic wall 


Joints 


334/425 



















• Sternodavicular Joint 

o Saddle-type, synodal joint 
o Divided into two compartments byan articular dise 
o Movaments 

■ Elévation with posterior rotation 

■ Protraction 

■ Dépréssion 

» Articulation between concaua facet of manubrium and concaua facet of davide 
o Strengthened byanteriorand posterior sternodavicular, costodavicular, and interdavicular ligaments 
o Blood supply Branches ofsuprascapularand internai thoradearteries 
o Nerve supply: Branches of the supradavicular nerua, and nerua to subdavius 

• Acromiodavicular Joint 

o Plane-type, synovial joint 

o No demonstrable movament; musdes moving the scapula cause the acromion to mova on the davide 
o Articulation between concawa facet of acromion and convexfacet of davide 
» Strengthened byacromiodavicular and coracoda\icular (conoid and trapezoid) ligaments 
o Coracodavicular 

■ Unités coracoid process and davide 

■ Has two component ligaments 

■ Conoid: vertical, in shape of inverted pyramid 

■ Trapezoid: horizontal, extends laterallyto inferior surface of davide 
o Blood supply Branches of suprascapular and thoracoacromial arteries 

o Nerve supply Branches of the supradavicular, latéral pedoral and axillary nenes 

• Shoulder (Genohumeral) Joint 

o Multiaxial, synovial ball-and-socketjoint 
o Movsments 

■ Flexion/extension 

■ Abduction/adduction 

■ Intemal/external (medial/lateral) rotation 

■ Circumduction 

o Articulation of head of humérus with the shallowglenoid cavityof the scapula 

o Joint socket deepened by glenoid labrum (tibrocartilaginous ring) and supported by the rotator euff musdes (see beloW) 
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o Loose fibrous capsule encloses and contains two apertures 

■ Between the tuberdes of the humérus for passage of long head of biceps brachii, which attaches to supraglenoid tuberde 
withinthe joint 

■ Anterior opening, inferior to coracoid process, for communication between subscapular bursa and synovial cavityof joint 
o Blood supply Branches of anterior and posterior drcumflexhumeral arteries from the axillaryand suprascapular arteryfrom the 

subdavian 

o Nervs supply: Branches of suprascapular, axillary and latéral pectoral nerves 
o Ligaments of glenohumeral joint 

■ Glenohumeral ligaments-strengthen capsule anteriorly 

■ Coracohumeral ligament-strengthens joint superiorly 

■ Transverse humerai ligament-bridges gap between greater and lesser tuberde and holds tendon of biceps brachii in place 

■ Coracoacromial ligament-ffom acromion to coracoid process, prevents displacement of humerai head superiorly 


LIGAMENT 

ATTACHMENTS 

COMMENT 

Joint capsule 

Margin of glenoid cavity—>anatomical neck of humérus 

Loose fibrous capsule 
\Afeakest inferiorly 

Glenohumeral 

Supraglenoid tuberde —> blend with fibrous capsule (superior, 
middle and inferior bands) 

Reinforce anterior capsule 

Coracohumeral 

Coracoid process —► greater tuberde of humérus 

Strong 

Tra ns verse 
humerai 

Bridges intertuberculargroove between greater and lesser tuberdes 

Holds tendon of biceps brachii in 
intertubercular groove 

Coracoacromial 

Coracoid process —► acromion 

Complétés coracoacromial arch protecting 
humerai head 


Bursae (Important ones) 

• Containthinlayerof synovial fluid 

• Located where tendons rub against bone, ligaments, or tendons and when skin moves over bone directly beneath 

• Subscapular bursa 

o Between tendon of subscapularis musde and neck of scapula 
o Communicates with cavityof the shoulder joint 

• Subacromial (subdeltoid) bursa 

o Between deltoid, supraspinatus tendon and glenohumeral capsule 
o Does not communicate with cavityof shoulder 

o Facilitâtes mo\«ment of deltoid over joint capsule and supraspinatus tendon under coracoacromial arch 


Muscles of the Scapula 
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Muscle 

Trapezius 

Origin 

Msdial third of superior 
nuchal line, external 
occipital protubérance, 
ligamentum nuchae, 
s pi nous processes of C7- 
T12 

Insertion 

Latéral third of 
posterior davide, 
médial acromion, 
superior edge of 
spineofscapula 

Innervation 

Spinal rootof 
accessory 
nervs (CN XI) 
and C3 and 

C4 

Transuarse 
cervical artery, 
dorsal 
scapular 

Action 

Elevâtes scapula (descending part), 
retracts scapula (transuarse part), 
depresses scapula (ascending 
part); rotâtes scapula (descending 
and ascending parts ading 
together) 

Latissimus 

Spinous processes of T7- 
T12, thoracolumbarfascia, 
iliac crest, lower tbree to 
four ribs 

interlu bercular 
sulcus of humérus 

Thoracodorsal 
nerva (C6-C7) 

Thoracodorsal 

Exlends, adduds and medially 
rotâtes arm, draws shoulder 
downwards and backward 


Muscle 

Origin 

Insertion 


Innervation 

Blood Supply 

Action 

scapulae 

Posterior tuberdes of 
transverse processes 
C1-C4 

Médial border of scapula 
abova base of spine of 
scapula 

Dorsal scapular 
and cervical (C3- 
C4) neruas 

Dorsal scapular 
artery trans\erse 
cervical artery 

Bettes scapula 
medially inferiorlyrotates 
glenoid cavity 

Rhomboid 

Ligamentum nuchae, 
spinous processes of 
C7 and Tl 

Médial border of scapula 
above base of spine of 
scapula 

Dorsal scapular 
nerva (C4-C5) 

Dorsal scapular 
artery 

Rétracte and stabilizes 
the scapula 

Rhomboid 

Spinous processes of 
T2-T5 

Médial border of scapula 
below base of spine of 
scapula 

Dorsal scapular 
nerua (C4-C5) 

Dorsal scapular 

Rétracte and rotâtes 
scapula to depress the 
glenoid cavity 

Muscle 


Origin 


Insertion 

Innervation 

Blood Supply 

Action 


Deltoid 

Latéral third of anterior 
davide, latéral 
acromion, inferioredge 
of spineofscapula 

Deltoid 

tuberosityof 

humérus 

Aiteriorand 
posterior 
branches of 
axillarynerva 
(C5.C6) 

Posterior drcumflex 
humerai artery 
deltoid branch of 
thoracoacromial 

Clavicular part-flexes and medially 
rotâtes arm; acromial part-abduds 
arm; spinal part-extends and 
laterallyrotates arm 

Supraspinatus 

Supraspinous fossa of 
scapula 

Superior facet 
ofgreater 

Suprascapular 

nerva(C5,C6) 

Suprascapular artery 

Initiâtes arm abduction, acte with 
rotatorcuffmusdes 
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tubercle of 
humérus 




Infraspinatus 

Intraspinous Ibssa of 
scapula 

Mddle facet of 
greater 
tubercle of 
humérus 

Suprascapular 

nen«(C5,C6) 

Suprascapular artery 

Latéral rotation of arm (with teres 


Uppertwothirds of 
posterior surface of 
latéral border of 
scapula 

Inferior facet 
of greater 
tubercle of 
humérus 

Posterior 
branch of 
axillarynerva 
(C5.C6) 

Circumflexscapular 

Latéral rotation of arm, adduction 

Teres major 

Posterior surface of 
inferior angle of 
scapula 

Médial lip of 
intertu bercular 
sulcus 

Inferior 
subscapular 
nerve (C5,C6) 

Circumflexscapular 

Alducts and medially rotâtes arm 

Subscapularis 

Subscapularfbssa 

Lesser 
tubercle of 
humérus 

Superiorand 
inferior 
subscapular 
nerwas (C5-C6) 

Subscapular artery, 
latéral thoracic artery 

Msdially rotâtes arm and adducts 
it; helps hold humerai head in 
glenoid cavity 


• Superficial extrinsic (Join axial skeleton to the appendicular skeleton) 

o Trapezius 
o Latissimus dorsi 

• Deep extrinsic 

o Levator scapulae 
o Rhomboid major and minor 

• Intrinsic 

o Deltoid: Gves shoulder its rounded appearance, abducts arm past 15 degrees 
o Teres major: Atducts and medially rotâtes arm 

o Teres minor: Hidden bydeltoid, assists latéral rotation of arm and adduction 
o Supraspinatus: Initiâtes arm abduction 
o Infraspinatus: Laterallyrotates arm 

o Subscapularis: Primarymedial rotatorof the arm, also adducts 

• Rotator cuff 

o Four of scapulohumeral muscles 

■ Supraspinatus 

■ Infraspinatus 

■ Teres major 

o Form musculotendinous cuff around glenohumeral joint 
o Blend with articular capsule to reinfbrce it 
o Hold head of humérus in glenoid cavity 


Axilla 
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° Base: skin ofarmpit and axillary fasda from arm to thoracic wall 
o Apex bounded by the first rib, davide, and superior border of the scapula 
o Anterior wall (anterior axillaryfbld): pectoralis major and minor 
o Posterior wall (posterior fold): subscapularis, teres major, latissimus dorsi 
o Médial wall: ribs 1 through 4, serratus anterior, and intercostal musdes 
o Latéral wall : intertubercular groo\© of humenjs 

• Contents (see Section 6-6: Upper Limb : Neurovasculature for details) 

o Axillaryarteryand branches 
o Axillary vein and tributaries 
o Axillary lymph nodes (fiws major collections) 
o Brachial plexus 

• Fascia 


■ Attaches to davide and sternum 

■ Invssts the pectoralis major 

■ Extends laterally as the axillaryfasda 

■ Continues inferiorlywith fasda of abdominal wall 
o Clavipedoral fasda 

■ Inyssts subdavius and pedoralis minor 

■ Continues superiorlyas the costocoracoid membrane (pierced bythe latéral pectoral nerve) 
o Axillarysheath: inwssts axillaryarteryand brachial plexus 

• Axillary Lymph Nodes 

o Arranged in five main groups 
o Apical group 

■ Along médial sideof axillary vein and first part of axillary artery 

■ Receiwas lymph from ail other groups 

■ Efferent lymphatic \«ssels from these nodes fbrm subdavian lymphatic trunk 
o Pectoral (anterior) group 
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■ Médial wall ofaxilla 

■ Recelées lymph from breast, anteriorthoradcwall 
o Subscapulargroup 

■ Æong posterioraxillarylbld 

■ Receiws lymph from posterior thoracic wall and scapula 
o Humerai (latéral) group 

■ Æong latéral wall ofaxilla 

■ Receiues lymph from upper limb 
o Central group 

■ Deep to pectoralis minor 

■ Receives lymph from pectoral, subscapular, and humerai groups 
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FACTS & HINTS 

HIGH-YIELD FACTS 

Clinical Points 


Fracture of the Cia vicie 

• Common, espedallyin children 

• Usuallyresults from a fall on outstretched hand or direct trauma to the shoulder 

• Fractures of middle third are mostfrequentlyseen 

• Sternodeidomastoid musde pulls the proximal fragment superiorly and the shoulder pulls the distal fragment inferiorly 

• Small lump mayremain afterthe davide has healed 

Calcifie Supraspinatus Tendonitis 

• Inflammation and caldfication of the subacromial bursa resulting in pain, tendemess and limitation of mousmentof the shoulder joint 

• Calcium deposits frequently also seen in the supraspinatus tendon 

• Pain is especiallyse\erewith the arm abduded between 50 to 130degrees (the painful arc) as the supraspinatus tendon is in contact with 
the inferior surlace ofthe acromion here 

Shoulder Dislocation 

• High mobilityand instability ofthe glenohumeral joint leads to frequent dislocation 

• 95% of dislocations are in anteroinferiordiredion, caused bye>cessi\« extension and latéral rotation of humérus (e.g., in the throwing 
motion) 

• Humerai head places stress on joint capsule, which may be tom anteriorly with éléments ofthe rotator euff 

• Adllaryand musculocutaneous nervss mayalso be injured 

• Posterior dislocation is uncommon, but may occur during epileptic seizure or eledrocution 

Rotator Cuff Injury 

• Musculotendinous rotator cuff may bedamaged by trauma or degeneratiws disease 

• One or more of tendons may be tom when the arm is forcefully abduded, leading to pain in the anterosuperior asped ofthe shoulder 

• Supraspinatus tendon is mostcommonly in\»l\ed in degeneratiw tendonitis 

• Leads patients arm to drop suddenly at approximately 90-degree abduction, when instruded to lower it slowly from a fully abduded position 


MNEMONICS 

Memo ry Aids _ 

Rotator cuff muscles: SITS = Supraspinatus, Infraspinatus, Teres minor, Subscapularis 
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45 Arm 

STUDYAIMS 

fit the end of your study, you should be able to: 


• Identifythe different parts and surface markings of the humérus 

• Describe the organization of the deep fasda and compartments of the 

• Knowthe origins, insertions, and actions ofthe muscles of the arm 

• Know the cutaneous neruss ofthe arm 

• Describe the boundaries and contents ofthe cubital fossa 



GUIDE 

UpperLimb: Arm 



• Largestboneoftheupperlimb 

• Osteological features 

o Head 

o Anatomical neck-circumscribes head above tuberdes 
o Surgirai neck: below tuberdes-common site of fradure 
o Greater and lesser tuberdes 
o Intertuberculargroove 
o Bodywith 

■ Deltoid tuberosityfor attachment of deltoid musde 

■ Radial groove on posterior surface where radial nerve and deep brachial artery traverse 

o Médial and latéral supracondylar ridges-widening of humérus distally as Sharp ridges on either side 
o Médial épicondyle 

■ Prominent médial extension at distal end 

■ Common origin of forearm flerors; ulnar nerve posterior 
o Latéral épicondyle 

■ Prominent latéral extension at distal end 

■ Common origin offorearm extensors; radial nerve posterior 
o Condyle-distal end of humérus 

o Trochlea 

■ Médial articular surface ofcondyle 

■ For articulation with trochlear notch of ulna 
o Capitulum 

■ Latéral articular surface of condyle 

■ For articulation with head of radius 

o Coronoid fossa fsee also Section 6-4: Upper Limb: Bbowand Forearm) 
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■ Superiortotrochlea 

■ Receiwas coronoid process of ulna 
o Olecranon fossae 

■ Posterior distal end of humérus 

■ Recelées olecranon of ulnaduringfull extension offorearm atelbow 


Fascia of the Arm 


• Brachial fascia 

» Aslee\eofdeep fascia around the arm 
o Continuous with the antebrachial fascia of the forearm 

• IVfedial and latéral intermuscularsepta 

o Extend from deep surface of brachial fascia to humérus 
o Divide arm into anterior (flexor) and posterior (extensor) compartments 

• IVfedial septum: médial lipofintertubercularsulcus (superiorly) —> médial épicondyle 

• Latéral septum: latéral lip of intertubercularsulcus (superiorly) —> latéral épicondyle 


Muscles of the Arm 



• Anterior (flexor) compartiment 
o Biceps brachii 

■ Rexes and supinates 

■ Continues distally as bicipital aponeurosis: triangular membrane from the biceps tendon across cubital fossa and blends 
with antebrachial fascia o\er the flexor muscles of the forearm 

o Brachialis: main flexor offorearm 
o Coracobrachialis 


■ Pierced bythe musculocutaneous ner\e 
• Posterior (extensor) compartment 
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o Triceps brachii 

■ Main extensorof arm 

■ Stabilizes head of humérus in glenohumeral joint 

o Anconeus: extends arm, and resists adduction of the ulna during pronation 


Muscles Origin Insertion Innervation Blood supply Action 


Biceps brachii 

Long head-supraglenoid tuberde of 
humérus; Short head-tip of coracoid process 
ofscapula 

Radial 

tuberosity fascia 
of forearm via 
bicipital 
aponeurosis 

Musculocutaneous 
nerve (C5,C6) 

Muscular 
branches of 
brachial 

Supinates 

forearm 

forearm when 
it is supinated 

Coracobrachialis 

Tip of coracoid process ofscapula 

Mddle third of 
médial surface 
of humérus 

Musculocutaneous 
nerve (C5,C6,C7) 

Muscular 
branches of 
brachial 
artery 

Fleæs and 
adduds arm 

Brachialis 

Distal half of anterior surface of humérus 

Coronoid 
process and 
tuberosityofulna 

Musculocutaneous 
nerve (C5.C6) 

Radial 

récurrent 

muscular 
branches of 
brachial 

forearm 

Triceps brachii 

Long head-infraglenoid tuberde ofscapula; 
Latéral head -upper half of posterior 
humérus; IVfedial head -distal two thirds of 
médial and posterior humérus 

Posterior 
surface of 
olecranon 
process of ulna 

Radial nerve 
(C6,C7,C8) 

Branch of 
prolunda 
brachii artery 

Extends 
forearm, long 

stabilizes 
head of 
abduded 
humérus 


Cutaneous Nerves of Arm 

• Supradawcular nenes (04, C5) supply skin over shoulder 

• Superior latéral cutaneous nerve (C5,C6) 

o Branchofaxillary 
o Supplies skin o\er upper latéral arm 

• Inferior latéral cutaneous nerve (C5,C6) 

o Cutaneous branch of radial nerve 
o Supplies skin o\er lower latéral arm 

• Intercostobrachial nerve (T2) 

o Latéral cutaneous branch of second intercostal nerve 
o Supplies upper médial arm anteriorly and posteriorly 

• IVfedial brachial cutaneous (C8-T1) 

o Branch of brachial plexus 
o Supplies lower anterior médial arm 

• Posterior brachial cutaneous nerve (C5-C8) 

o Branch of radial nerve 
o Supplies lower posterior médial arm 


• Boundaries 

o Superiorly: (imaginary) line connecting the médial and latéral épicondyles 
o Medially: pronatorteres muscle 
o Laterally: brachioradialis 

o Floor: brachialis and supinator muscles of arm and forearm 
o Roof: deep fascia, bicipital aponeurosis, subcutaneous tissue, and skin 

• Contents 

o Brachial artery(terminal part) 
o Biceps brachii tendon 
o Nerves: médian 

In subcutaneous connective tissue 
o Médial and latéral antebrachial cutaneous nenes 
o Basilic and cephalicveins 
o Médian cubital vein 
In floor offossa 

o Deep and superficial branches of radial nerve 
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FACTS & HINTS 

HIGH-YIELD FACTS 

Clinical Points 


Fracture of the Humérus 

• Fractures of the humérus most common at the surgical neck 

• Especially common in elderly individuals with osteoporotic bone, falling on an outstretched arm 

• The axillary nerve vulnérable to damage here 

• Direct blow to the arm may 

o Fracture humérus through its midshaft, with risk of injury to the radial nerue 
o Fracture humérus at distal end, risking damage to the médian nerus 

Biceps Tendonitis 

• Is inflammation of the tendon of the long head of the biceps 

• Tendon is susceptible to wear and tear as it moues back and forth within the intertubercular grooue 

• Degenerative wear a common cause of shoulder pain 

• Inflammation also raused byrepetitive microtrauma, seen in certain sports such as tennis 

Rupture of the Biceps Brachii 

• This produces "Popeye deformitÿ' with muscle fbrming a bail in distal part of the anterior arm 

• Tendon of long head has the highest rate of spontaneous rupture of anytendon in the body 

• Rupture of the tendon on background of chronic tendonitis usually affects those older than 40 

• Traumatic rupture may occur in younger individuals, but is rare 

MNEMONICS 
Memory Aids 


Cubital fossa (from médial to latéral): 

jMadeline 

Médian Nene 


Brown's 

Brachial Atery 


Big 

Biceps tendon 


Red 

Radial Nerus 


Purse 

Posterior interosseous nerve 
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46 Elbow and Forearm 

STUDYAIMS 

fit the end of your study, you should be able to: 

• Identifythe different parts and surface markings of the radius and ulna 

• Describe the articulations of the elbow joint, its mowsments, and supporting ligaments 

• Describe the distal radioulnar joint, its mo\*ments, and supporting ligaments 

• Describe the organization of the deep fascia and compartments of the arm 

• Knowthe origins, insertions, and actions ofthe major muscles of the forearm 
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GUIDE 

UpperLimb: Elbowand Forearm 



. Ulna 

o Stabilizing bone ofthe forearm 
o Médial to and longer than radius 
o Osteological features 

■ Olecranon-projection of proximal posterior end 

■ Coronoid process-projection fforn proximal anterior end 

■ Trochlear notch-anterior surface of olecranon, articulâtes with trochlea of humérus 

■ Radial notch-rounded concaiityon latéral sideof coronoid process for radial head 

■ Ulnar tuberosity-inferior to coronoid process for attachaient of brachialis muscle 

■ Supinator crest-crest inferior to radial notch for attachment of supinator muscle 

■ Supinator Ibssa-concavity between supinator crest and coronoid process, for attachment of supinator muscle 

■ Body-thicker proximally tapering distally 

■ Head-at distal end 

■ Styloid process-conical process fforn the head 

• Radius 

o Latéral and shorter bone of the forearm 
o Osteologic features 

■ Head-at proximal end, conca\e for articulation with capitulum of humérus 

■ Neck-constricted région between head and tuberosity 

■ Radial tuberosity-oval protubérance below head and neck for attachment of biceps brachii 

■ Body-con\exlaterallyand enlarging distally 

■ Styloid process-projection from latéral aspect of distal end of radius 

■ Dorsal tuberde-dorsal projection at distal end between growas for tendon ofextensorcarpi radialis longus and brevis and 
tendon of extensor pollids longus 
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■ Ulnar notch-concavityon médial side of distal end for head of ulna 
• Radius and ulna connected by 

o Interosseous membrane 

■ Séparâtes fbrearm into anterior and posterior compartiments 

■ Provides attachment for deep muscles of Ibrearm 

■ Fibers slope downward from radius to ulna 

■ Is most tense when hand is in mid-prone position 

■ Has a gap distal to neck of radius for posterior interosseus vessels 
o Oblique cord 

■ Crosses gap in interosseus membrane 

■ Mâches neck of radius to ulnar tuberosity 
o Radioulnar joints-proximal and distal (see belovrf 


Elbow Joint 



Latéral radiograph 



[Plate 425, Bbow: Radïographs] 
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• Compound synovial joint in which radius and ulna articulate with humérus 

• Joint cavitycontinuous with radioulnar joint 

• Fibrous capsule encloses ail three articulations 

• Humeroulnarjoint 

o Uniaxial, synovial hinge joint 

» Between trochlea of humenjs and trochlear notch of ulna 

• Humeroradial joint 

o Uniaxial, synovial hinge joint 
o Between capitulum of humérus and head of radius 

• Blood supplyto humeroulnarand humeroradial joints: anastomoses around elbowfrom brachial, radial, and ulnararteries 

• Nerve supplyto these joints: musculocutaneous, radial, and ulnar nerves 

• Proximal radioulnar joint 

o Uniaxial, synovial pivot joint 

o Between head of the radius and radial notch ofthe ulna 
o Blood supply anterior and posterior interosseous arteries 
o Nerve supply musculocutaneous, médian and ulnar nerves 

• Ligaments reinforcing elbow joint 

o Ulnar collateral ligament: médial épicondyle to coronoid process and olecranon 
o Radial collateral ligament: latéral épicondyle to annular ligament 
o Annular ligament 

■ Strong fibrous cirde 

■ From margins of radial notch of ulna 

■ Encirdes head of radius 

■ Maintains position ofthe radial head during pronation and supination 

• IVbwsments at the elbow joint 

o Fle>don (-180 degrees) and extension at humeroulnarand humeroradial joints 

o Pronation and supination with rotation ofthe head ofthe radius within annular ligament at proximal radioulnar joint 

• Distal radioulnarjoint 

o Synovial piyotjoint 

o Articulation between ulnar notch and articular facet of radius at its distal end 
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o Afibrocartilaginous articular dise binds the ends of the radius and ulna and is strengthened by anterior and posterior ligaments 
o Disc séparâtes cavityof joint from cavityofwrist joint 

o Pronation and supination: distal end of radius moies anteriorlyand mediallyacross the ulna 
o Blood supply: anterior and posterior interosseous arteries 
o Nervs supply: posterior interosseous nervs 

• Carrying angle 

o The angle between the long axis of the humérus and the long axis of the ulna with fbrearm frjlly extended and supinated in the 
anatomical position 

o Tento 15degrees in males, morethan 15degrees infernales (figures are for déviations from 180degrees) 

• Bursae (important ones) 

o Subcutaneous olecranon bursa: CXerlies oleaanon in subeutaneous tissue 
o Subtendinous olecranon bursa: Between the oleaanon and triceps tendon 
o Bicipitoradial bursa: Between biceps tendon and anterior part of radial tuberosity 


Fascial Compartments of Forearm 

• Forearm divided into anterior and posterior compartments by interosseous membrane 

• Antebrachial fasda is thickened at distal end of radius 

o Posteriorlyforms extensor retinaculum 
o Anterioriyfbmns palmarcarpal ligament 

o Also forms fleror retinaculum (transverse carpal ligament) distal and deeper to palmar carpal ligament 

• Carpal tunnel fbrmed between flexor retinaculum, running between tuberdes of scaphion and trapezium radiallyto pisiibrm and hook of 
hamate on ulnar side, and anterior conca\ityof the carpus 

Muscles of the Forearm (listed from latéral to médial) 



[Plate 429, Individual Muscles of Forearm: Bctensors of Vtfrist and Digits] 
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[Plate 432, Muscles of Forearm (Superficial Layer): Posterior View] 








Muscle 

Origin 

Insertion 

Innervation Blood 
supply 

Action 

Pronator 

Teres 

Two heads: médial épicondyle 
of humérus and coronoid 
process of ulna 

Mdwayalong latéral 
surface of radius 

Médian 

(C6.C7) 

reçu ment 

Prônâtes forearm, assista in flexion 

Flexer carpi 
radialis 

Médial épicondyle of humérus 

Base of second 
metacarpal 

Médian 

(C6.C7) 

Radial 

Flexes and abducts hand at wrist 

Palmaris 

longus 

Médial épicondyle of humérus 

Distal halfofflexer 
retinaculum and 
palmaraponeurosis 

IVtedian 

(C7.C8) 

Posterior 

reçu ment 

Flexes hand and tenses palmar 
aponeurosis 

Fle>or carpi 
ulnaris 

Flumeral head: médial 
épicondyle of humérus; 

Ulnar head: olecranon and 
posterior border of ulna 

Pisiform bone, hookof 
hamate, base of fifth 
metacarpal 

Ulnar 

(C7,C8 
and Tl) 

Posterior 

reçu ment 

Flexes and adducts hand at wrist 

digitorum 

superficialis 

Flumeroulnarhead: médial 
épicondyle and coronoid 
process of ulna 

Radial head: anterior border 
of radius 

Bodies of middle 
phalanges of médial 
fourdigits 

IVtedian 
nerve (C8- 
T1) 

Ulnar and 

arteries 

Flexes middle and proximal 
phalanges of médial fourdigits; 
also flexes hand at wrist 


Muscle 

Origin 

Insertion 

Innervation 

Blood supply 

Action 

Deep 

digitorum 

profundus 

Médial and anterior surface of 
proximal three-quarters of 
ulna, and interosseous 
membrane 

Anterior base of 
distal phalanges 
of médial four 

Médial part: ulnar 
nerve (C8-T1); 
Latéral part: 
médial nerve 
(C8-T1) 

Anterior interosseous 
arteryand muscular 
branches of ulnar 
artery 

Flexes distal phalanges of 
médial fourdigits; assists 
in flexion of hand at wrist 
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■ Pronatorteres (prônâtes forearm) 

■ Fle>®r carpi radialis (fle>œs and abducts wrist) 

■ Palmaris longus (absent in some individuals; tenses palmar aponeurosis) 

■ Fle>®r carpi ulnaris (fle>es and adducts wrist) 

■ Fle>or digitorum superficialis (flexes PIP joints via four tendons) 
o Deep group 

■ Fle>®r digitorum profondus (fle>es at DIP joint) 

■ Fle>or pollicis longus (fle>es thumb) 

■ Pronator quadratus (prônâtes forearm) 

• Posterior (extensor) compartment 

o Superficial group (origin at latéral épicondyle) 

■ Brachioradialis (flexes elbow) 

■ Extensor carpi radialis longus and brevis (extend and abduct wrist) 

■ Extensor digitorum (extends fingers) 

■ Extensor digiti minimi (extends fiflb digit) 

■ Extensor carpi ulnaris (extends and adducts wrist) 

■ Aiconeus (extends elbow) 

o Deep group (originate from shaftof radius, ulna, and interosseous membrane) 

■ Supinator (supinates forearm) 

■ Æductor pollicis longus (abduct thumb) 
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■ Extensor pollids brevis and longus (extend thumb) 

■ Extensor indids (extend indexfinger) 
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FACTS & HINTS 

HIGH-YIELD FACTS 

Clinical Points 


Subluxation of the Radial Head (Nursemaid Elbow) 

• Caused bysudden pulling on the upper limb with the forearm pronated 

• Distal attachment of the annular ligament is tom and radial head slips out, trapping the ligament between it and the capitulum 

• Preschool children, especiallygirls, mostvulnérable 

• Head of radius is repositioned by supinating forearm fully and then flexing elbow 

Bursitisofthe Bbow 

• Repeated pressure orffiction on a bursa maycause itto become inflamed and tender 

• Subcutaneous olecranon bursitis ("studenfs etboW) most common, often occurring in students (fforn resting elbows on desk), darts 
players and from falls and abrasions to the elbow 

• Subtendinous olecranon bursitis less common, as is bidpitoradial bursitis 

5)icondylitis 

• Atfuties involving répétitive movements of wrist may lead to localized elbow pain 

• Repeated extension of wrist causes latéral epicondylitis ("tennis e/bow'J-microtrauma of common extensor muscle origin, with pain felt over 
the latéral aspect of the elbow 

• Médial epicondylitis ("golfer's elboW) fforn repeated wrist flexion, with pain felt o\er the médial épicondyle, especially on resisted wrist 

• Bursitis or synovitis may coexist with epicondylitis 

MNEMONICS 
Memory Aids 
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47 Wrist and Hand 

STUDYAIMS 

fit the end of your study, you should be able to: 

• Describe the radiocarpal joint, its movements, and supporting ligaments 

• Knowthe bones of the hand and theirorganization 

• Describe the mowements atthe carpometacarpal, metacarpophalangeal, and interphalangeal joints 

• Describe the organization of the deep fascia of the hand 

• Understand the arrangement of the intrinsic muscles of the hand 
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GUIDE 

Upper Limb: Wrist and Hand 
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[Rate 445, Whst and Hand Radiographs] 
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Latéral (radial) vie 



'Snuffhox conlenls (superficial lo deep) 

Radial nerve (dorsal digital branch) 
Cephalic vein brani lies (< o( aivay) 

Radial artery and branches 
Scaphoid bone 


Wrist (Radiocarpal) Joint 

• Biaxial synovial joint 

o Located at a line joining the styloid processes of the radius and ulna 

o Aticulation of distal end of radius and aiücular dise ofradioulnar joint witfi the proximal rowofcarpal bones (eiceptthe pisiform) 
o Fibrous capsule surrounds the wrist 

■ From distal ends of radius and ulna to proximal rowofcarpal bones 

■ Lined bya synodal membrane with numerous folds 
o Mowsments 

■ Flexion/extension 

■ Abduction/adduction (radial/ulnar abduction) 

■ Circumduction 

■ Adduction greater than abduction 
o Ligaments 

■ Dorsal and palmar radiocarpal ligaments from the radius to the two rows of carpals on the palmar and dorsal sides 

■ Ulnar collateral ligament from the ulnar styloid process to the triquetrum 

■ Radial styloid ligament from the radial styloid process to the scaphoid 
° Blood supply Branches of the dorsal and palmar carpal arches 

o Nervs supply 

■ Anterior interosseous branch of médian nervs 

■ Posterior interosseous branch of radial nervs 

■ Dorsal and deep branches of ulnar nene 


Hand 


• Bones (27) 

o Carpal bones (bones of the wrist or carpus) 

■ Proximal row: Scaphoid, lunate, triquetrum, pisifomn, 

■ Distal row: Trapezium, trapezoid, capitate, hamate 
o Metacarpals (5) consist of 
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■ Base (proximal)-artiailate with distal row of carpal bones 

■ Body 

■ Head (distal)-articulate with proximal phalanges and form knuckles 
o Phalanges (14) 

■ Each digithas three phalanges: proximal, middle, and distal, exceptfbr 

■ Thumb (has two) 

■ Each phalanxhas a base (proximal), body and head (distal) 

■ Decrease in size from proximal to distal 


Major Joints ofthe Hand 

• Carpometacarpal, metacarpophalangeal, and interphalangeal are ail synovial joints supplied bybranches of adjacent vessels and nerves 

• Intercarpal joints 

o Joints between carpal bones of first row and joints between carpal bones of second row 
o Mdcarpal joint between first and second rows 
o Supported byanterior, posterior, and interosseous ligaments 
o Function as a single unit 
o Small gliding mouements between carpal bones 

• Carpometacarpal joints 

o Plane type synovial joints, except for carpometacarpal of thumb (saddle type) 
o Médial four carpometacarpal joints in one fibrous joint capsule 
o Separate capsule for thumb 

o Joint for thumb between the trapezium and first metacarpal 

■ Allows flexion, extension, abduction, adduction, circumduction, and opposition 

■ Loose joint capsule allows forfree mouement 

• Metacarpophalangeal joints (MCP) 

o Heads of metacarpals articulate with base of proximal phalanx 
o Deep transuerse metacarpal ligaments hold heads of metacarpals 2 through 5 together 
» Separate joint capsule for each joint 
o Mouements: flexion, extension, abduction, and adduction 

o Because the collateral ligaments tighten during flexion, abduction, and adduction are only possible in the extended position 

• Interphalangeal joints 

o Proximal interphalangeal joint = PIP 
o Distal interphalangeal joint = DIP 
o Allow flexion and extension 


Fascia ofthe Hand 

• Extensor and fle>or retinaculum continuous with antebrachial fascia 

• Palmarfascia thickened centrallyas the palmaraponeurosis 

o Four distinct extensions to the bases ofthe Angers 
o Continuous with the fibrous tendon sheaths 

o Anchored tightlyto skin of palm bynumerous ligamentous bands (retinacula cutis) 

• Fibrous digital sheaths surround synovial sheaths that enclose superfidal and deep fle>or tendons 

• Médial fibrous septum extends from médial border of palmar aponeurosis to fifth metacarpal 

• Latéral fibrous septum extends from latéral border of palmar aponeurosis to third metacarpal 

• Septa create compartiments within the palm 


• Adductor pollicis 

• Thenar (latéral) compartiment 

o Abductor pollicis brevis 
o Flexer pollicis brevis 
o Opponens pollicis 

• Hypothenar (médial) compartment 

o Abductor digiti minimi 
o Flexordigiti minimi brevis 
o Opponens digiti minimi 

• Short muscles of the hand 

o Lumbricals-unusual in that theyflex MCP joints and extend IP joints 
o Palmar interossei-adductdigits 
° Dorsal interossei-abductdigits 

• Palmaris brevis 

o Wrinkles skin of hypothenar eminence 
o Improues palmar grip 


Muscle 

Origin 

Insertion 

Innervation 

Action 

Blood 

Supply 

Abductor 

pollicis 

Flexar retinaculum, tuberdes of scaphoid 
and trapezium 

Latéral sideofbase 
of proximal phalanx 
of thumb (Ist digit) 

Récurrent 
branch of 
médian 
nerve (C8- 
T1) 

Abducts and assists in 
opposition of thumb 

Superfidal 

branch of 
radial artery 
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pollicis 

Flexar retinaculum and trapezium 

Latéral sideofbase 
of proximal phalanx 
ofthumb 

Récurrent 
branch of 
médian 
nerve (C8- 
T1) 

Fleves proximal phalanx 
ofthumb 

Superficial 

branch of 
radial artery 

Opponens 

pollicis 

Flexar retinaculum and trapezium 

Latéral sideof Ist 
metacarpal 

Récurrent 
branch of 
médian 
nerve (C8- 
T1) 

Draws Ist metacarpal 
forward and rotâtes it 
medially 

Superficial 

branch of 
radial artery 

4dductor 

pollicis 

Oblique head-bases of second and third 
metacarpals capitate and adjacent bones; 
Transverse head-anterior surface of third 
metacarpal 

Médial sideofbase 
of proximal phalanx 
ofthumb 

Deep branch 
ofulnar nerve 
(C8-T1) 

Atducts thumb 

palmar arch 

Palmaris 

Palmaraponeurosis 

Skinofulnar border 
ofpalm 

Superficial 
palmar 
branch of 
ulnar nerve 
(C8) 

Deepens the hollow of 
the hand 

Superficial 
palmar arch 

Æbductor 

minimi 

(hand) 

Pisiform bone, tendon offlexorcarpi 
ulnaris 

Médial sideofbase 
of proximal phalanx 
of little finger 

Deep branch 
ofulnar nerve 
(C8-T1) 

Ærducts the little finger 
(fifth digit) 

Deep 
palmar 
branch of 
ulnar artery 

Fle>or digiti 
minimi 

(hand) 

Flexor retinaculum and hook of hamate 

Médial sideofbase 
of proximal phalanx 
of little finger 

Deep branch 
ofulnar nerve 
(C8-T1) 

Fleves proximal phalanx 
ofthe little finger 

Deep 
palmar 
branch of 
ulnar artery 

Opponens 

minimi 

Flexvr retinaculum and hook of hamate 

Médial side of fifth 
metacarpal 

Deep branch 
ofulnar nerve 
(C8-T1) 

Draws fifth metacarpal 
anteriorlyand rotâtes it 
to face thumb 

branch of 
ulnar artery 

Lumbricals 
1 and 2 

Latéral two tendons of flexordigitorum 
profundus 

Latéral sides of 
extensor expansion 
ofdigits2and3 

Médian nerve 
(C8-T1) 

Extends digits at 
interphalangeal joints 
and flexes 

metacarpophalangeal 

Superficial 
and deep 

arches 

Lumbricals 
3 and 4 

Msdial three tendons of flexordigitorum 
profundus 

Latéral sides of 
extensor expansion 
ofdigits4and5 

Deep branch 
ofulnar nene 
(C8-T1) 

Extends digits at 
interphalangeal joints 
and flexes 

metacarpophalangeal 

Superficial 
and deep 

arches 

Dorsal 

interossei 

Adjacent sides oftwo metacarpal bones 

Base of proximal 
phalanxand extensor 
expansion ofdigits 2- 
4 

Deep branch 
ofulnar nene 
(C8-T1) 

Abducts digits from axial 
line of hand-third digit 

Deep 

palmar arch 

interossei 

Palmar surfaces of metacarpals 2,4, and 

5 

Bases of proximal 
phalanxand extensor 
expansion ofdigits 2, 

Deep branch 
ofulnar nerve 
(C8-T1) 

Afducts digits toward 
axial line of hand-third 
digit 

Deep 

palmar arch 
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FACTS & HINTS 

HIGH-YIELD FACTS 

Anatomie Points 


Arterial Arches of the Hand 

• Superficial palmararch 

o Formed from main terminal branch of ulnar artery 

■ Enters hand between hook of hamate and pisiform bone 

■ Superficial toflerwretinaculum 

■ Divides into superficial palmararch and deep branch of ulnar artery 
o Giyss rise to three common palmar digital arteries 

■ Anatomose with palmar metacarpal arteries 

■ G\es rise to two proper palmar digital arteries to sides of digits 2 through 4 

• Deep palmararch 

o Formed from terminal branch of radial artery 

■ Passes from anatomical snuff box on dorsum of hand 

■ Runs between heads of first dorsal interosseus muscle to reach palm 
o Anastomoses with deep branch of ulnar artery 

o Gwss off three palmar metacarpal arteries (anastomose with common palmar digital arteries from superficial arch) 
o Gués off princeps pollids arteryto supply palmar surface and latéral sides ofthumb 


Anatomical Snuff Box 


• Dépréssion on postérolatéral wrist 

• Visible whenthumbistullyextended 

• Bounded anteriorlyby tendons of the abductor pollicis longus and extensor pollids brevis 

• Bounded posteriorlyby tendon of the extensor pollicis longus 

• Structures in fioor of snuff box 

o Radial artery 

o Radial styioid process proximally 
o Base of first metacarpal distally 

o Scaphoid and trapezium between radial styioid and first metacarpal 


Clinical Points 

Colles' Fracture 

• Complété transverse fracture within the distal 2 cm of the radius 

• Distal fragment displaced dorsally giving thedassic"dinnerfbrkdeformit/ 

• Ulnar styioid mayalso be avulsed 

• Results from forced dorsiflexion of the hand, such as in breaking a fall with an outstretched, pronated hand 

• Most common fracture in adults older than 50 years old 

• Seen mostfrequentlyin elderlywomen 

• Healing usuallygood as the bone has a rich blood supply 

Scaphoid Fracture 

• Scaphoid is the most commonlyfractured bone of the carpus 

• Proximal pôle of the bone has a poor blood supply and as a resuit, fracture maytake several months to heal 

• This increases risk of avascular neaosis and subséquent degenerative joint disease at the wrist 

• Fracture often difficultto spot on initial radiographs, which should be repeatedat2to3 weeks in any patient presenting with a seuerely 
sprained wrist 

Dupuytren's Contracture 

• Progressive fibronodularthickening of the palmarfasda 

• Leads to fixed flexion delbrmityof the fingers (most commonlythe fburth and fiflh digits) 

• Condition often bilateral and usually affects middle-aged males of Northern European decent, suggesting hereditarypredisposition 

• Ftiskfactors indude alcohol, liverdisease, and antiepileptic médication 

• Treatmentissurgical 

MNEMONICS 

Memory Aids 

|Carpal bones (latéral to médial): Some Lovers Try Positions ThatTheyCan'tHandle 


Table 104-3. PROXIMAL ROW 


Try _ 

Positions 


Scaphoid 
| Lunate 
Triquetral 
I Pisiform 


Table 104-4. DISTAL ROW 
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That 

Trapezium ('1rapezium overthe thumb") 

They 

Trapezoid 

Can't 

Capitate 

Handle 

Hamate 


Note: Ifyou forget ifyou're starting at the latéral or médial side ofeach rcMt remember that the Scaphoid is in the anatonical snutfbox and the 
trapez iUMis at the base ofthe th LMB. 

Memory Aids 

Flexorcarpi superficialis and profundus insertions: Superficialis splits the two, topermit profundus to pass through 

Interossei muscles: Palmar intenossei ADductthe digits (PAD) 

Dorsal interossei ABductthe digits (DAB) 
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48 Neurovasculature 

STUDYAIMS 

At the end of your study, you should be able to: 

• Describe the arterial supplyof the arm, forearm, and hand, distinguishing the arteries supplying each of the compartments 

• Knowthe locations of the brachial, radial, and ulnar puises 

• Describe the venous drainage of the hand, forearm, and arm 

• Describe the lymphatic drainage of the upper limb 

• Understand the organization of the brachial plexus 

• Know the innervation to the compartments of the arm and forearm 

• Recognize the course of the major nerves of the upper limb 

• Understand the dermatome map of the upper limb and its cutaneous innervation 
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GUIDE 

Upper Limb: Neurovasculature 

Vascular Supply to the Upper Limb 



[Plate 421, Brachial Artery in Situ] 


Arterial Supply to the Arm 


• Axillary artery 

o Begins at latéral border of first rib and ends at inferior border of teres major 
o Divided into three descriptive paris by pectoralis minor musde 
o First part 

■ First rib to médial border of pectoralis minor 

■ Is endosed in axillarysheath 

■ Oie branch-superior thoracic artery supplying serratus anterior 
o Second part 

■ Posteriorto pectoralis minor 

■ Two branches 

■ Thoracoacromial artery 

■ Latéral thoradc artery 

■ Both supplythe pedoral musdes and breast 

o Third part 

■ Latéral border of pedoralis minorto inferior border ofteres major 

■ Three branches 

■ Subscapular artery 

■ Largest branch 

■ Divides into circumflexscapularand thoracodorsal arteries 

■ Supplies serratus anterior, teres major, subscapularis, and latissimus dorsi musdes 

■ Anterior and posterior drcumflexhumeral arteries 

• Brachial artery 
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o Continuation of the axillaryartery ends in cubital fossa 
o Lies anterior to triceps and brachialis throughout its course 

o Axximpanied by médian nerne, which aosses anterior to arteryand lies mediallyin cubital fossa 
o Divides into ulnar and radial arteries under bicipital aponeurosis 
o Branches 

■ Manymuscular branches 

■ Profunda brachii arteryfrom médial aspect 

■ Superior and inferior ulnar collateral branches 

• Profunda brachii (deep arteryof the arm) 

o Axximpanies radial arteryin radial groone 
o Divides into anterior and posterior descending branches to elbow 

Arterial Supply to the Forearm 

• Ulnar artery 

o Largerof two terminal branches of brachial artery 

o Begins médial to biceps tendon and descends through anterior compartiment deep to pronator teres 
o Branches 

■ Anterior ulnar récurrent 

■ Posterior ulnar récurrent 

■ Common interosseus, which branches into 

■ Anterior interosseus artery 

■ Posterior interosseus artery 

■ Muscular branches to muscles of médial side of forearm 

■ Branches to the hand 

• Radial artery 

o Begins in cubital fossa at neck of radius 
o Passes distally deep to brachioradialis muscle 
» Palpable throughout latéral forearm (best felt at the wrist) 
o Branches 

■ Supplies flexor and extensor muscles on latéral side of forearm 

■ Radial récurrent artery 

■ Branches to the hand 


Arterial Supply to the Hand 

• Branches from the ulnar artery 
o Palmarcarpal branch 

■ Runs across anterior wrist deep to tendons of flewr digitorum profondus (FDP) 

■ Anastomoses with palmar carpal branch of radial arteryto form palmar carpal arch 
o Dorsal carpal branch 

■ Aises proximal to pisiform 

■ Crosses dorsal to wrist 

■ Anastomoses with dorsal carpal branch of radial arteryto form dorsal carpal arch 
o Superlicial branch of ulnar arteryin hand-continues into palm as superficial palmar arch 
° Deep (palmar) branch of ulnar artery in the hand 

■ Anastomoses with radial artery 

■ Forms deep palmar arch 

Venous Drainage of Hand and Forearm 


• Vfeins of hand 

o Superlicial and deep palmar venous arches 
o Dorsal venous network (arch) 
o Both drain to cephalic and basilic \eins 

• Superficial \eins offorearm 

o Basilic \ein ascends posteromediallyon forearm 
o Cephalic vein ascends on latéral border offorearm 
o Médian cubital vein connects cephalic and basilic over cubital fossa 

• Deep vei ns of forearm 

o Paired radial and ulnar vsins and interosseus veins accompany arteries of same name 
o Al communicate with superficial \eins and médian cubital \«in 

Venous Drainage of Arm 

• Superficial \eins (drain into axillary vein) 

o Cephalic vein 

■ On antérolatéral surface 

■ Enters groone between deltoid and pectoralis major (deltopectoral groone) 

■ Then deltopectoral triangle 

■ Empties into termination of axillarynein 
o Basilic \ein 

■ Médial side, inferior arm 

■ Pierces deepfascia atjunction of inferior and middle third of arm 

■ Runs superiorlyto axillary vein 
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o Paired, accompany brachial artery (\enae comitantes) 
o Form at elbow from radial and ulnar veins 
o Ha\e \al\es 

o Mergewith basilic veinto form axillary\ein 


Lymphatics 

• Al lymph from the arm drains to the axillary nodes 

• Lymph from breasts and thoraxalso drains to the nodes 


Nerve Supply to Upper Limb 
Brachial Plexus [C5-T1] 


• Composedof 

o Roots (5) 
o Trunks (3) 
o Divisions (6) 
o Cords (3) 

o Branches (13+4 from roots) 

• Roots 

o Vfentral rami of spinal nerves C5-T1 
o Gi\eriseto 

■ Dorsal scapular nene (C5, possible contribution from C4) 

■ Long thoracic nene (C5-C7) to serratus anterior muscle 

o Superior from ventral rami of C5 and 6 

■ Branches 

a. Nene to subdavius muscle 

b. Suprascapular nene to supra- and infraspinatus, shoulder joint 
o Mddle from ventral ramus of C7 

o Inferior from \entral rami of C8 and T1 

• Divisions 

o Aiterior divisions of superior and middle trunks form latéral cord 
o Aiterior division of inferior trunk continues as médial cord 
o Posterior divisions of ail three trunks for posterior cord 

• Cords 

o Named by relationship to axillary artery which theysurround 

■ Latéral 

■ Médial 

■ Posterior 


o Branches from latéral cord 

■ Latéral pectoral nerve (C5-C7) to pectoralis major and minor muscles 

■ Musculocutaneous (C5-C7) 

■ Latéral root of médian nene (C6-C7) 
o Branches from médial cord 

■ Médial pectoral nene (C8-T1 ) to pectoralis minor and major 

■ Ulnar nene (C8-T1) 

■ Médial brachial cutaneous nene (C8-T1 ) supplies skin over médial surface of arm and proximal surface of forearm 

■ Médial antebrachial cutaneous nene (C8-T1 ) to skin o\er médial forearm 

■ Médian root of médian nene (C8-T1 ) 
o Branches from the posterior cord 

■ Upper subscapular nene (C5-C6) to subscapularis 

■ Lower subscapular nene (C5-C6) to tores major and subscapularis 

■ Thoracodorsal nene (C6-C8) to latissimus dorsi 

■ Axillary nene (C5-C6) to tores minor and deltoid (ends as the upper latéral brachial cutaneous nene) 

■ Radial nene (C5-T1 ) supplies ail extensors of the upper limb and sensation to skin overlying extensor région, induding hand 

o Anterior divisions supplythe fleror parts of the upper limb 
o Posterior divisions supplythe extensor parts of the upper limb 
o Each cord divides into two main terminal branches 

■ Posterior—«xillaryand radial 

■ Latéral—>musculocutaneous and médian 

■ Médial—Médian and ulnar 
° Supradavicular part of plexus 

■ Aises from roots and trunks 

■ Approachable through posterior triangle of the neck 

■ Dorsal scapular nene 

■ Nene to subdavius 

■ Suprascapular nene 

■ Long thoracic nene 

o Infradavicular part (cords and their branches) is in the axilla 

■ Aise from cords 
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■ /'pproachable through axilla 

■ PII the rest of the ner\e branches from brachial plexus 
o Ulnar nerua supplies 

■ Fleœrcarpi ulnaris 

■ Médial halfof FDP 

■ Hypothenar muscles 

■ Third and fburth lumbricals 

■ /'Il interossei muscles 

■ Skin ouar the médial hand and l 'A digits 
o Médian nerua supplies 

■ Forearm flexors (exceptfle>orcarpi ulnaris and the latéral hait of fle>or digitorum profundus) 

■ Thenar muscles and first and second lumbricals 

■ Skin ovarthe latéral hand and 3'/2digits 
o Musculocutaneous nerva supplies 

■ Flexor muscles of arm (anterior compartment) 

■ Skin owar latéral aspect of forearm (latéral antebrachial cutaneous) 
o Radial nen« supplies 

■ Triceps 

■ Anconeus 

■ Extensor muscles of forearm 

■ Skin ouar posterior arm and forearm 
o Adllarynerve supplies 

■ Deltoid 

■ Shoulderjoint 

■ Skin ouarinferior deltoid 

Dermatomes and Cutaneous Innervation of the Upper Limb 
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Anterior (palmar) view 


Poslerior (dorsal) î 



• Dermatomes 

o Band-like areas ofskin 

o Each supplied by a single spinal nerve through dorsal and rentrai rami 
o Arranged in segmentai fàshion 

• Cutaneous innerretion of the upper limb 

o Follows segmentai arrangement of spinal nerre contributions tothe brachial plexus 
o No représentation of C7 on anterior aspect of arm and forearm 
o No représentation of Tl on palmar or dorsal surface ofhand 
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FACTS & HINTS 

HIGH-YIELD FACTS 

Clinical Points 


Brachial Plexus Injury 

• Disease, trauma or evcessive stretching (because of birtti trauma) of the posterior triangle of the neck or axilla maydamage brachial plexus 

• Results in paradis and anaesthesia in the distribution of the affected nerves 

• Vërious terms used to describe the different lésions 

• Ert ’s palsy affects areas supplied bynerves from superior part of the plexus 

• Klumpke'spalsy affects areas supplied by nerves from the inferior part 

Carpal Tunnel Syndrome 

• Aresultof compression ofthe médian nerve as it passes underflevor retinaculum 

• Compression caused by any process that significantly reduces the size ofthe carpal tunnel: inflammation ofthe synodal sheaths, fluid 
rétention, and infection 

• Pain or paraesthesia felt in the latéral 3y2digits, may radiate toward the elbowand is often worse at night 

• Also loss of sensation and diminished control ofthe médian nerve-innerveted muscles 

• Surgirai division ofthe fleror retinaculum maybe necessaryto relieve symptoms 

Ulnar Nerve Injury 

• Ulnar nerve maybe compressed as it passes behind médial épicondyle ofthe humérus orthrough the Guyon canal atthe wrist 

• Pain and/or paraesthesia felt at médial aspect ofthe elbow radiating to the médial forearm and médial l14 digits 

• Also maybe weakness ofthe intrinsic muscles ofthe hand 

Radial Nerve Injury 

• Palsyof the radial nerve common after prolonged pressure on the back ofthe arm by resting it against a hard surface (such as back of 
movie theater seat-the "Saturday night palsy’) 

• Nerve may also be injured in fractures of humérus as it winds along spiral groove 

• Extensors ofthe wrist are paralyzed, resulting in a wrist drop 

• Triceps not affected unless the nerve is injured proximally in the axilla 

MNEMONICS 

Memo ry Aids _ 


Parts ofthe brachial plexus: 


Really Thirsty? Drink Cold Beer 

Roots, Trunks, Dvisions, Cords, Branches 

Terminal nervss of plexus: 


MARMU 

|Musculocutaneous, Axillary, Radial, Médian, Ulnar 

Muscles supplied bymedian ne 

rvesupplyin 

LOAF 


Lumbrirals (latéral), Opponens pollids, Abductorpollicis brevis, Fevorpollids 


Memory Aids 


Branches of brachial plexus médial cord: 

MoneyMakes ManyMen Unhappy 


Médial pectoral nerve 


Médial branch of médian nerve 


Médial cutaneous nene of arm 


Médial cutaneous nene of forearm 


Unar nerve 
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Lower Limb 


49 Topographie Anatomy 

STUDYAIMS 

Al the end of your study, you should be able to: 

• Identifythe bony landmarks of the lower limb 

• Identifythe main muscle masses and palpable tendons of the lower limb 

• Identifythe course of the great saphenous \ein 

• Identifythe inguinal ligament and know its attachments 

• Identifythe popliteal fossa 
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GUIDE 

Lower Limb: Topographie Anatomy 



[Plate 469, Lower Limb] 
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Bony Landmarks 

• Greater trochanter of fémur 

« Posterior edge palpable on latéral side of thigh 
o lOcmbelowiliaccrest 
o Siteofattachmentofseveral gluteal muscles 

• Latéral and médial fémoral condyles palpable on latéral and médial aspects of knee 

• Patella (kneecap) 

o Sesamoid bone 

o Within tendon of the quadriceps femoris 
o Tendon continues as patellar ligament inferiorly 
« Latéral and médial margins palpable when knee is fleied 

• Tibial condyles-medial and latéral rounded projections at its proximal end 

• Tibial tuberosity 

o Elévation on anterior surface of tibia 
o Located between the two condyles 

• Aiterior border of tibia 

o Sharp and subcutaneous 

o Can be palpated fforn tibial tuberosityto médial malleolus 

• Head of fibula 

o Subcutaneous 

o Can be palpated on postérolatéral knee at levai of tibial tuberosity 

• Médial malleolus-medial projection of the tibia at its distal end 

• Latéral malleolus-expanded distal end of the fibula 

• Tuberosityofthefifth metatarsal 

o Bony protubérance hallwayalong the latéral side of the foot 
o Site of attachaient for fibularis brevis muscle 
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• Quadriceps fèmoris-musde mass of anteriorttiigh (see Section 7-2: LowerLimb: Hip and Thigh) 

• Gastrocnemius musde-musde mass of posterior leg (see Section 7-4: LowerLimb: Leg) 

• Hamstring musdes 

o Palpable as a mass arising from the ischial tuberosity 
o Palpable as the médial and latéral superior borders of the popliteal fbssa 

• Calcaneal tendon (Adiilles' tendon) 

o Tendon of gastrocnemius 

o Descends to calcaneus (heel) on posteroinferior leg, between médial and latéral malleoli 

• Tendon offibularis brews-palpableatits attachmentofthe base ofthetifth metatarsal 

• Tendons of extensorhalluds longus and extensordigitorum longus-visible when toes arefordblyextended 


Vessels 



VIDEO Tl P 


For something as spécifie as the great saphenous \ein, use Search to locate the strudure. Use the Search 
Transparencyfeature to make ail but the structure transmitted transparent: Video Tip 7.1 - saphenous 


• Great saphenous \ein (see Section 7-6: Lower Limb: Neurouasculature) 

o Descends along the médial thigh and leg, passing posterior to the knee 

o ls visible with its tributaries when dilated and varicosed (because of incompétence of valves of vein to prevent backflowof blood) 


Other Palpable Landmarks 

• Inguinal ligament 

o Runs inferomediallyfrom/'SISto pubictuberde of pelvis 
o Folded inferior edge ofextemal abdominal aponeurosis 
o Fold séparâtes abdominal région from thigh 

• Popliteal fossa (see Section 7-3: LowerLimb: Knee) 

o Diamond-shaped dépréssion posterior to knee 
o Contains arteries, veins, and nerves of the leg 
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FACTS & HINTS 

HIGH-YIELD FACTS 

Anatomie Points 

Functional OverView of the Lower Limb 

The lower limb supports the bodyweightand permits locomotion. It is firmlyattached through the rigid pelvis to the \ertebral column. The joints are 
relativelystable and influenced bythe line of gravity this line passes posteriorto the hip joint, anteriorto the knee, and anteriorto the ankle. Thus 
onlythe calf muscles need to contractto maintain an upright posture. Clinicallythe limb is divided intofour compartments: gluteal, thigh, leg and 
foot. 


Lower Limb Development 

The general plan of the lower limb is similar to the upper limb; howevsr, during devslopment the lower limb undergoes médial rotation, bringing the 
extensors of the knee, ankle and toes anteriorly with the knee pointing forwards. The hip is unaffected, so hip flerors remain anterior and the 
extensors posterior. 

Clinical Points 

Varicose Ve ins 

• Dilated superficial vsins most commonlyseen in the posteromedial parts of the lower limb 

• Resuit from absent or faultyvalvss in the communicating vsins between the deep and superficial venous svstems of the limb 

• Secondaryfailure of the saphenofemoral valus may occur 

• Stagnation of blood in these vessels prédisposés to thrombosis and subséquent inflammation = thrombophlebitis 
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50 Hip and Thigh 

STUDYAIMS 

At the end of your study, you should be able to: 

• Describe the structure of the hip joint and its mo\ements 

• Identifythe different parts and surface markings of the fémur 

• Knowthe origins, insertions and actions ofthe major muscles of the gluteal région 

• Knowthe origins, insertions and actions ofthe major muscles ofthe anterior, médial, and posterior thigh 

• Identifythe margins ofthe fémoral triangle and describe its contents 

• Describe the course ofthe adductor canal 


381 / 425 



GUIDE 

Lower Limb: Hip and Thigh 
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Hip Joint 
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[Plate 475, Hp Joint] 
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Acetabulum (margin) 
Heatl of fémur 

Pubis (superior ramus) 

Greater trochanter 
Neck (Ward's triangle) 
Ischial tuberosily 
Intertrochanteric crest 

Obturator foramen 
Ischium (inferior ramus) 
Lesser trochanter 


[Plate 476, Hp Joint: Anteroposterior Radiograph] 
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• Multiaxial, ball-and-socket synovial joint 

• k/bvements 

o Flexion 140 degrees 
o Extension 10 degrees 
o Abduction 45 degrees 
o Adduction 30 degrees 
o Internai rotation 40 degrees 
o Extemal rotation 50 degrees 

• Acetabulum fsee Section 5-2: Pelvis and Perineum: Bones and Ligaments) 

o Head of fémur lits wittiin 

o Composed of contributions tfom ilium, ischium, pubis 

o Deepened by incomplète ring of tibrocartilaginous labrum, which is attached to bony rim 
o Ring completed bytransverse acetabular ligament, which spans acetabular notch 

• Head of fémur 

o Has a ligamentum teres (ligament of the head of the fémur) 

■ Attaches fowsa (pit) in head of fémur to trans\erse acetabular ligament 

■ Contains branch from obturator artery 

• Capsule 

o Strong, fibrous and loose 

o Attaches to acetabular labrum, transwerse acetabular ligament, intertrochanteric line of fémur 
o Lower third of neck of fémur is extracapsular. 
o Strengthened byligaments 

■ lliofemoral (Y-shaped) 

■ Pubofemoral 

■ Ischiofemoral ligaments 

• Bloodsupplyfsee Section 7-6: LowerLimb: Neurovasculature) 

o Médial and latéral circumftexarteries from deep branch of fémoral or fémoral artery 
o Arteryofheadoffemur(minorcontribution) 

• Nerve supply 

o Fémoral nerve 
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o Nervs to quadratus femoris (posteriorly) 
o Articularbranchofsdaticnerva 
o Anterior division ofthe obturator nerva (inferioriy) 
o Superiorgluteal nerve (posteriorly) 


• Longest and heaviest bone in the body 

° Osteological features 

■ Head with fovea (pit) 

■ Neck-between head and shaft 

■ Greater trochanter-large, latéral, posterosuperior projection from junction of neck and body 

■ Lesser trochanter-rounded médial projection from junction of neck and body 

■ Intertrochanteric line 

■ Ridge running between greater and lesser trochanters 

■ Indicates where neck joins body 

■ Body (shaft) 

■ Smooth and cylindrical 

■ Wide, roughened line posteriorly linea aspera 
Runs vertically 

Has médial and latéral lips (margins) 

■ Médial and latéral condyles-medial and latéral rounded projections at its distal end 

■ Médial and latéral epicondyles-central projection from each condyle 

• Neck is angled at 115 to 140 degrees (average 126 degrees) relative to the long axis of the shaft 


Ligaments of the Hip Joint 


Ligament 

Attachments 

Function 

lliotemoral 

ASIS and acetabulum —> intertrochanteric line. (Strong; Y-shaped 
ligament) 

Prevants hyperextension 

Ischiofemoral 

Acetabular rim —> drdes superiorly and laterally to médial base of 
greater trochanter 

Prevents hyperextension 

Screws fémoral head into acetabulum 

Pubofemoral 

Pubicramus —> laterally and inferioriy te joint capsule 

Tightens during extension and 
abduction 

Limits abduction 

Tra ns verse 
acetabular 

Joins the inferior ends of the labrum, aosses acetabular notch 

Complétés the acetabular ring 

Ligament of head of 

Acetabular notch —>fovaa of fémur 
(Intracapsular but extrasynovial) 

Contains arteryto head of fémur (minute 
in adults) 


Fascial Compartments of the Thigh 

• Superficial fasda 

o Contains variable amounts of fat 
o Cutaneous nerves, such as the saphenous and sural 
o Superficial veins, such as the great and small saphenous 
o Lymphatics 

• Deep fascia = fasda lata 

o Séparâtes the subcutaneous tissue from the musdes 
o Dense strong layer 

o Prevents bulging of musdes during contraction, which improvas efficiencyof pumping blood through veins backtothe heart 
o Mâches to the inguinal ligament, iliac crests, and sacrum superiorly, and is continuous with the aurai fasda inferioriy (see Section 
7-4: LowerLimb: Leg) 

• Fascial septa from the fascia lata divide the thigh into three compartments: anterior, médial, and posterior 

• lliotibial tract 

o Latéral thickening of fascia lata 

o Conjoint aponeurosis of tensorfasciae lata and gluteus maximus muscles 
o Mâches to tuberde on latéral condyle of the tibia (Gerdytuberde) 

• Saphenous opening in fascia lata 

o Deficiencyinferiorto médial inguinal ligament 
o Spanned byaibrifbrm fascia 

o Saphenous vein and efferent lymphatic vassels fbrm superfidal inguinal nodes pass through opening and cribrifbrm fasda 


Muscles of the Gluteal Région 

• Extensor of hip: gluteus maximus 

o Also laterally rotâtes hip 
o Through iliotibial tract, extends knee 

• Abductors ofhip 

o Gluteus médius 
o Gluteus minimus 

o Most important fonction of these musdes: contractto prevantsagging of unsupported side of hip during locomotion, enabling 
opposite fbot to swing through (e.g., Trendelenburg test) 

• Latéral rotators of hip 

o Gluteus maximus 


388 / 425 




o Piriformis 
o Obturatorinternus 
o Obturator externus 
o Gemelli (superiorand inferior) 
o Quadratus femoris 
• Extensors ofknee 

o Glutaus maximus 
o Tensorfasdaelatae 


Muscle 

Origin 

Insertion 

nnervation 

Blood Supply 

Action 

Guteus 

maximus 

Ilium posteriorto posterior 
gluteal line dorsal surface of 
sacrum and coccyx, 
sacrotuberous ligament 

Mostfibers end in lliotibial tract that 
inserts into latéral condyle of tibia; 
somefibers insert gluteal 
tu berosityof fémur 

Inferior 
gluteal 
nerva (L5 - 
S2) 

Superior and inferior 
gluteal arteries, first 
perlbrating branch of 
deep fémoral artery 

Extends 

thigh, 

assists 

latéral 

rotation 

Quteus 

médius 

Latéral surface of ilium 
between anteriorand posterior 
gluteal Unes 

Latéral surface of greater 
trochanter of fémur 

Superior 
gluteal 
nerva (L4 - 
SI) 

Deep branch of superior 
gluteal artery 

Aaducts 

thigh, 

rotâtes thigh 
medially 

Guteus 

minimus 

Latéral surface of ilium 
between anteriorand inferior 
gluteal Unes 

Anterior border of greater trochanter 
of fémur 

Superior 
gluteal 
nerva (L4 - 
SI) 

Deep branch of superior 
gluteal artery 

Aaducts 

thigh, 

rotâtes thigh 
medially 

Piriformis 

Aiterior surface of sacrum and 
sacrotuberous ligament 

Superior border of greater 
trochanter of fémur 

\fentral 
rami of SI 
and S2 

Superior and inferior 
gluteal arteries, internai 
pudendal artery 

Latéral ly 
rotâtes 
thigh, 
abducts 
flexed thigh 

Obturator 

intemus 

Pelvic surface of obturator 
membrane and margins of 
obturator foramen 

Médial surface of greater trochanter 
of fémur 

Nerva to 
obturator 
intemus 
(L5-S2) 

Internai pudendal and 
superior gluteal arteries 

Latéral ly 
rotâtes 
thigh, 
abducts 
flexed thigh 

Gemellus 

superior 

Outer surface of ischial spine 

Médial surface of greater trochanter 
of fémur 

Nerva to 
obturator 
intemus 
(L5-S2) 

Inferior gluteal artery 

Latéral ly 
rotâtes thigh 

Gemellus 

inferior 

Uppermargin of ischial 
tuberosity 

Médial surface of greater trochanter 
of fémur 

Nerva to 
quadratus 
femoris 
(L4-S1 ) 

Inferior gluteal artery 

Latéral ly 
rotâtes thigh 

Quadratus 

femoris 

Latéral margin of ischial 
tuberosity 

Quadrate tuberde on 
intertrochanteric crest of fémur 

Nerva to 
quadratus 
femoris 
(L4-S1 ) 

Médial circumflex 
fémoral artery 

Latéral ly 
rotâtes thigh 


Muscles of the Thigh 
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[Rate 480, Muscles of Thigh: Anterior Views] 
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• Anterior (= extensor) compartment 
o Fle>ors of hip 

■ Sartorius (also abducts and laterally rotâtes hip and flexes and medially rotâtes knee), lliopsoas 

■ Pectineus (also adducts hip) 

» Extensor of knee: quadriceps femoris, composed of 

■ Rectus femoris (also flexes hip) 

■ Vhstus lateralis 

■ \âstus intermedius 

■ \âstus medialis (also stabilizes patella) 


Muscle 

Origin 

Insertion 

Innervation 

Blood Supply 

Action 

lliopsoas/psoas 

Sides ofvertebra T12 to 
L5 and transverse 
processes ofL1-L5 

Lesser trochanter of 

\fentral rami of 
lumbar spinal 
nerues 1-3 

Lumbar branches 
ofiliolumbarartery 

Rexesthighathipand 
stabilizes the hip 


lliaccrest, iliacfossa, 
alaofscrum, and 
anteriorsacroiliac 
ligaments 

Tendon of psoas major 
and bodyof fémur, 
inferiorto lesser 
trochanter 

(L2-L3) 

lliac branches of 
iliolumbar artery 

Rexesthighathipand 
stabilizes the hip 

Tensorfasciae 

Anterior superior iliac 
spine and anterior part 
ofextemal lipofiliac 
aest 

lliotibial tract—> latéral 
condyleof tibia 

Superior gluteal 
nerve (L4-L5) 

Superior gluteal 
arteries, latéral 
circumflexfemoral 
artery 

Abducts, medially 
rotâtes and flexes the 
thigh, stabilizes trunk 
on thigh 

Sartorius 

ASIS and superior part 
ofnotch belowit 

Superior part of médial 
surface of tibia 

Fémoral nerve 
(L2-L3) 

Fémoral artery 

Abducts, laterally 
rotâtes and flexes the 
thigh 

Quadratus 

femoris 

Latéral margin of ischial 
tu héros ity 

Quadrate tuberde on 
intertrochanteric crest 

Nerve to 

quadratus femoris 

Médial circumflex 
fémoral artery 

Laterallyrotates thigh 
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of fémur 

(L4 to SI ) 



Rectus femoris 

Aiterior inferior iliac 
spine and groove 
superiorto acetabulum 

Base of patella and to 
tibial tuberosity via 
patellar ligament 

(L2-L4Î enA3 

Latéral circumflex 
fémoral artery 
deep fémoral 

Extends the leg atthe 
knee joint and flexes 
the thigh atthe hipjoint 

Vhstus lateralis 

Greater trochanter and 
latéral lipoflinea 
aspera of fémur 

Base of patella and to 
tibial tuberosity via 
patellar ligament 

Fémoral nerve 
(L2-L4) 

Latéral circumflex 
fémoral artery 
deep fémoral 

Extends the leg atthe 
knee joint 

Vbstus medialis 

Intertrochanteric line 
and médial lipoflinea 
aspera of fémur 

Base of patella and to 
tibial tuberosity via 
patellar ligament 

(L2-L4? 6n * 

Fémoral artery 
deep fémoral 

Extends the leg atthe 
knee joint 

intermedius 

Aiterior and latéral 
surfaces of bodyof 

Base of patella and to 
tibial tuberosity via 
patellar ligament 

(^-L4) 6n * 

Latéral circumflex 
fémoral artery 
deep fémoral 

Extends the leg atthe 
knee joint 

Pectineus 

Pecten pubis 

Pectineal line of fémur 

Fémoral nerve 
(L2-L3) and 
sometimes 
obturator nerve 

Médial circumflex 
fémoral artery 
obturator artery 

AJducts and flexes 
thigh 


• Médial (= adductor) compartment 
o AJductors ofhip 

■ AJdudors longus 

■ Adductor brevis 

■ Adductor magnus (also assist latéral rotation of knee) 

■ Gracilis (also fle>es knee) 

o Obturatorexternus-laterallyrotates hip 


Médial Thigh Muscles _ 

Muscle Origin Insertion Innervation Blood Supply Action 


AJductor 

longus 

Bodyof pubis, inferior 
topubiccrest 

Mddlethirdoflinea 
aspera of fémur 

Obturator nerve 
(anterior division) 
(L2-L4) 

Médial circumflex 
fémoral artery 
obturator artery 

AJducts thigh 

Afductor 

Bodyand inferior pubic 
ramus 

Pectineal line and 
proximal partoflinea 
aspera of fémur 

Obturator nerve 
(L2-L4) 

Médial circumflex 
fémoral artery 
obturator artery 

AJducts and flexes thigh 

Ælductor 

magnus 

Inferior pubis ramus, 
ramus of ischium 
Hamstring part: ischial 
tuberosity 

Gluteal tuberosity linea 
aspera, supracondylar 

Hamstring part: 
adductor tuberde 

Aldudor part: 
obturator nerve 
(L2-L4) 

Hamstring part: 
tibial nerve (L4) 

Deep fémoral artery, 
popliteal artery 
obturator 

AJducts and flexes thigh 
(addudor part) 

Extends thigh (hamstring 
part) 

Gracilis 

Bodyof pubis and 
inferior pubic ramus 

Superior part of médial 
surface of tibia 

Obturator nerve 
(L2-L3) 

Deep fémoral artery, 
médial drcumflex 
fémoral artery 

AJducts thigh, fleses and 
medially rotâtes the leg 

Obturator 

externus 

Margins of obturator 
foramen and obturator 
membrane 

Trochanteric fossa of 

Obturator nerve 
(L2-L3) 

Médial circumflex 
fémoral artery 
obturator artery 

Laterally rotâtes the thigh and 
stabilizes head of fémur in 
acetabulum 


• Posterior (= flexor) compartment 
o Hamstrings 

o Biceps femoris-also latéral rotâtes knee 

■ Semitendinosus-also médial rotâtes knee 

■ Semimembranosus-also médial rotâtes knee 

■ Together extend hip (e>cept short head of biceps femoris) and flexknee 
o Hamstring part of adductor magnus-extends hip 

Posterior Thigh Muscles 


Muscle 

Origin 

Insertion 

Innervation 

Blood Supply 

Action 

Semitendinosus 

Upper and médial 
ischial tuberosity 

Superior part 
of médial 
surface of 

Tibial division of 
sciatic nerve (L5-S2) 

Perforating branch of deep 
artery of thigh, superior 
muscular branches of 
popliteal artery 

Flexes leg, 
extends thigh 

Semimembranosus 

Upper and latéral ischial 
tuberosity 

Posterior 

médial 
condyle of 

Tibial division of 
sciatic nerve (L5-S2) 

Perforating branch of deep 
artery of thigh, superior 
muscular branches of 
popliteal artery 

Flexes leg, 
extends thigh 

Biceps femoris 

Long head-ischial 
tuberosity 

Latéral side 
ofheadof 

Long head-tibial 
division ofsdatic 
nerve (L5-S2) 

Perforating branch of deep 
artery of thigh, superior 
muscular branches of 

Flexes and 
laterally rotâtes 
leg, extends 
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Short head-lateral lip of 
linea aspera, latéral 


Short head-common 

popliteal artery 

thigh 


supracondyiar line of 


fibular division of 




fémur 


sciatic nerve (L5-S2) 




Fémoral Triangle 


• Boundaries 

o Supenorly inguinal ligament 
o Medially. médial border of adductor longus 
o Laterally médial border of sartorius 

• Contents 

o Fémoral nen« (descends outside of fémoral sheath) 
o Fémoral sheath 

■ /'bout 4 cm long, extending below inguinal ligament 

■ Subdivided into three compartments 
Latéral contains fémoral artery 
Intermediate contains fémoral \ein 
Médial is fémoral canal 

o Fémoral canal 

■ Potential space about 1.5 cm long 

■ Contains loose connectius tissue, lymphatic vessels, a deep inguinal lymph node (of Cloquet) 

■ Fémoral ring: abdominal entrance tofémoral canal, dosed byfattytissue and parental peritoneum 
o Beyondextentofsheath 

■ Fémoral arteryand branches 

■ Fémoral usin and tributaries 


Adductor Canal (= subsartorial canal/Hunter's canal) 


• Boundaries 

o Superiorly commences at apexof fémoral triangle 
o Posteriorly adductors longus and magnus 
o Aiteromedially sartorius and fascia 
o Anterolaterally vastus medialis 

o Inferiorly terminâtes at adductor hiatus (in tendon of adductor magnus) 

• Contents 

o Fémoral arteryand fémoral vein 

■ Pass through adductor hiatus 

■ Become popliteal arteryand \©in when they enter popliteal fossa 
o Neruss 

■ Saphenous ner\« 

■ Nerve to vastus medialis 
o Lymphatics 
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FACTS & HINTS 

HIGH-YIELD FACTS 


Anatomie Points 
Hip Joint 

The hip joint is a stable bail and Socket joint that carries the whole body weight. Its stability results from the snug fit of the large fémoral head and 
deep acetabulum, which is supportedon ail sides bypowertul intrinsic ligaments and muscles. There is a tendency for the trunkto tilt backwards at 
the hip joints, because the line of gravity passes posteriorly the powerful iliofemoral ligament resists this. 

Clinical Points 

Fémoral Hernia 

• Occur when part of an abdominal viscus or fat protrudes into the fémoral canal through its opening, the fémoral ring 

• IVbre common in women because of wider fémoral ring 

• Présent as a mass (often tender) inferolateral to the pubic tuberde 

• May enlarge by passing through the saphenous opening 

• Are at a high riskof strangulation because of hard margins of fémoral ring 

• Surgirai réduction and repair is usually necessary 

Fractured Neck of Fémur ("Broken hip") 

• Common in the elderly particularly women with osteoporotic bone 

• Can occur as the resuit of high impact aeddent, such as head-on car collision 

• May damage branches of médial circumflexfemoral arterysupplying the fémoral head 

• Results in bleeding into the hip joint and avascular necrosis of the head ofthe fémur 


MNEMONICS 

Memory Aids 

Fémoral Triangle Boundaries: So I MayAIways Love Sally 

| [Superiorly-lnguinal ligament, Medially 

I Adductor longus, Laterally-Sartorius 

Memo ry Aids _ 


Contents entering the fémoral triangle (latéral to médial) as they pass under the inguinal ligament): NAVEL 


Nerve* 


Artery 


Vein 


Bnpty space** 

_ 

Lacunar ligament*** 


* Nerwe = Fémoral, but it does not descend with the fémoral artery and vein in the fémoral sheath. Ittravels on the surface of the iliopsoas muscle. 
The fémoral branch cf the genitcfemoral nerve travels beneath the inguinal ligament just latéral to the fémoral artery, within the fémoral sheath. 

** Empty space = Fémoral canal, because it is a poterrtial space fi lied with compressible tissue. 

*** The lacunar ligament is the hard médial margin of the fémoral ring; it is an expansion ofthe inguinal ligament. Filling the gap between the 
attachaient of the inguinal ligament to the pubic tuberde and the pecten pubis, posteriorly. 
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51 Knee 

STUDYAIMS 

At the end of your study, you should be able to: 


• Understand the mo\ementsof the knee joint 

• Describe the attachments and functions of the ligaments strengthening the joint 

• Identifythe major bursae surrounding the knee and understand their function 

• Identifythe margins of the popliteal fossa and describe its contents 
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GUIDE 

Lower Limb: Knee 
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Superior view: ligaments and cartilage removed 



[Rate 496, Knee: Interior] 
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Latéral épicondyle 
Médial épicondyle 


Latéral condyle of fémur 
Médial condyle of fémur 
Intercondylar eminence 
Médial condyle of tibia 

Latéral condyle of tibia 
Head of fibula 


[Plate 488, Knee: Anteroposterior Radiograph] 


• Biaxial, hinge-type synovial joint 

• IVbwaments 

o Flexion and extension 

o Some gliding and rolling 

o Some médial and latéral rotation about vertical axis 

• Aücular capsule-thin and weak, offers little support in itself 

• Fibrous capsule 

o Strong 

o Mâches to fémur superior to condyles 
o Mâches to articular margin of tibia 

o Delicientsuperiorlyon latéral tibial condyfe, toallow passage of popliteus tendon 
o Déficient inferiorly where tendon of popliteus crosses 

• Blood supply 

o Genicular branches of the fémoral and popliteal arteries 

■ Latéral and médial superior genicular 

■ Mddle genicular 

■ Latéral and médial inferior genicular 

o Anterior tibial récurrent —> anterior and posterior récurrent arteries 
o Circumflextibularartery—>anteriorand posterior récurrent arteries 
o Mteries form genicular anastomosis around the knee 

• Ner\e supply (see Section 7-2: LowerLimb: Hip and Thigh) 

o Obturator 

o Articular branches of fémoral, tibial, and common fibular nervss 

BonesArticulating in the Knee Joint 


Latéral and médial articulations between fémoral condyfes and tibial condyles 
Smooth superior surface of tibia for articulation called tibial plateau 
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• IntermediatB articulation between patella and fémur 

• Patella 

o Large sesamoid bone embedded in the quadriceps tendon 
o Articulation called patellofemoral joint 


Ligaments Reinforcing Fibrous Capsule 

Right knce in flexion: anterior view 



o Médial (tibial) collateral ligament 

■ Rat and band-like 

■ Atached to médial meniscus on deep surface 
o Latéral (fibular) collateral ligament 

■ Strong and cord-like 

■ Separated bylateral meniscus bytendon of popliteus muscle 

■ Splits tendon of biceps prior to its insertion 
o Patellar ligament 

o Oblique popliteal ligament 
o A-cuate popliteal ligament 

• Intracapsular ligaments 

o Aiterior cruciate ligament 

■ Extends from posterior médial side of latéral fémoral condyle to anterior intercondylar area of tibia 

■ Tautwhenkneeisfullyextended 

■ Prenants posterior displacement of fémur on tibia and hyperextension of joint 

■ Intracapsular but extrasynovial 
o Posterior cruciate ligament 

■ Stronger of two cruciate ligaments 

■ Extends from latéral surface of médial condyle of fémur to posterior intercondylar région of tibia 

■ Tautduring flexion 

■ Prenants anterior displacement of fémur on tibia 

• Madial and latéral menisci 

o Crescentic plates offibrocartilage 
o V\fedge-shaped to deepen articulating surface of tibia 
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o Function as "shock absorbers" 

o Transusrse ligament of knee joins anterior surfaces of menisci 
o Médial meniscus 

■ C-shaped 

■ Adhèrent to tibial collateral ligament 
o Latéral meniscus 

■ O-shaped 

■ Joined to posterior cmciate ligament and médial fémoral condyle by posterior meniscofemoral ligament 

Ligaments of the Knee Joint 

Ligament Attachments Function 


Extracapsular Ligaments 

Patellar 

Patella —«-tibial tuberosity 

Continuation of quadriceps tendon 

Tibial collateral 

Msdial fémoral épicondyle —> médial tibial condyfe 
(and meniscus) 

Limits extension 

Limits abduction 

Rbular collateral 

Latéral fémoral épicondyle —>fibular head 

Limits extension 

Limits adduction 

Acuate popliteal 

Rbular head —> capsule 

Limits médial rotation 

Oblique popliteal 

Latéral fémur —» posterior tibia 

Limits hyperextension 

Intracapsular Ligaments 

Anterior crudate 
(extrasynovial) 

Latéral fémoral condyle—>anteriorintercondylar 
tibia 

Prevents posterior slipping of fémur on tibia (Torn in 
hyperextension) 

Posterior cruciate 
(extrasynovial) 

Msdial fémoral condyle —► posterior intercondyfar 
tibia 

Prenants anterior slipping of fémur on tibia 

Transverse 

Anterior edges of menisci 

Stabilizes menisd 

Posterior 

meniscofemoral 

Posterior of latéral meniscus —> médial fémoral 
condyle 

Stabilizes latéral meniscus 


Bursae Around the Knee Joint 

• Many (12+) bursae surround the knee 

o Facilitate movement of the tendons and skin over the joint during flexion or extension 
o Needed because most tendons pull verticallyacross joint 

• Four bursae communicate with the synovial cavityof the knee 

o Suprapatellar 
o Popliteus 
o Anserine 

o Gastrocnemius bursae 

• Suprapatellar bursa 

o Particularly vulnérable to infection following penetrating trauma 
o Alows spread of infection directlyinto the knee joint 


Main Bursae of the Knee 


Bursa Location 


Suprapatellar 

Between fémur and quadriceps tendon 

Popliteus 

Between latéral tibial condyle and popliteus tendon 

Anserine 

Between tibial collateral ligament and tendons of sartorius, gradlis, and semitendinosus 

Gastrocnemius 

Deep to proximal attachment of médial gastrocnemius head 

Semimembranosus 

Deep to tendon of semimembranosus 

Semitendinosus 

Deep to heads of gastrocnemius muscles 

Prepatellar 

Between skin and anterior surface of patella 

Subcutaneous infrapatellar 

Between skin and tibial tuberosity 

Deep infrapatellar 

Between tibia and patellar ligament 


Popliteal Fossa 


• Boundaries 

o Superomedially: semitendinosus and semimembranosus 
o Superolaterally: biceps femoris 

o Inferomedially and laterally: médial and latéral heads of the gastrocnemius 
o Floor: popliteal surface of fémur, oblique popliteal ligament, fascia over popliteus muscle 
o Roof: skin and fascia 

• Contents 

o Small saphenous \ein 

o Popliteal arteryand \eins (deeperthan the nerves) 
o Tibial nerve and common fibular nerve (from the sciatic) 
o Posterior cutaneous nerve of thigh 
o Lymphaticvessels and nodes 

o Order of structures (latéral to médial): tibial nerve, vein, artery 
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FACTS & HINTS 

HIGH-YIELD FACTS 

Clinical Points 

Baker's Cyst 

• Posterior hemiation of the synovial membrane tbrough the joint capsule into the popliteal fossa 

• Swelling appears below joint line and may extend as far as the midcalf 

• Large swellings mayinterfere with knee movements butotherwise asymptomatic 

Bursitis 

• Inflammation of the bursa surrounding the knee because of repeated ffictional forces 

• In chronic inflammation, bursae become distended and filled with fluid 

• Prepatellar bursitis (housemaid’s knee) and infrapatellar bursitis (dergyman's knee) are most recognized variants 

Knee Injury 

• Knee injuries common, as the knee joint has little external supportas tissue 

• Ligament sprains usuallyself-limiting, but may cause secondary damage to menisci 

• Tearing of the ligaments often needs surgical correction 

• Rupture of anterior cruciate ligament occurs when force is directed anteriorlyto the semi-fleæd knee, typicallyoccurring in skiers and 
tbotballers 

• Posterior cruciate ligament is more résilient to injury but may rupture when force is applied to the tibial tuberosity while the knee is flexed 

• Collateral ligaments are vulnérable to latéral stresses 

MNEMONICS 

Memo ry Aids _ 

Knock-knee and Bowleg 
Knock-knee: 




Genu valgum vs. Genu vargum 

[Genuvalgum 

Genu valGUM-knees are GUMmed together 
iGenuwgum 

Genu VARgum-VARrhymes with far-knees are VAR(far) apart 
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52 Leg 

STUDYAIMS 

At the end of your study, you should be able to: 

• Describe the fascial compartments ofthe leg and understand their importance 

• Identifythe different parts and surface markings ofthe tibia and fibula 

• Knowthe origins, insertions, and actions ofthe muscles ofthe leg 
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GUIDE 

Lower Limb: Leg 





o Large, weightbearing 
o Osteological features 

■ Médial and latéral condyles-medial and latéral protubérances at proximal end articulate with fémur 

■ Intercondylareminence-together with condyles forms tibial plateau, fits intointercondytarfossaof fémur 

■ Tibial tuberosity-proximal end of anterior border, broad bump for attachaient of patellar ligament 

■ Gerdÿs tuberde-Protrusion from latéral condyle to which iliotibial tract attaches 

■ Shaft-or body with rough diagonal ridge on posterior proximal end: soleal line 

■ Médial malleolus-inferomedial projection at distal end, articulâtes with talus 

o Slender, nonweightbearing 
o Osteological features 

■ Head-proximal end with pointed apex, articulâtes with tibia 

■ Shaft-or body has three borders (anterior, interosseous, and posterior) and surfaces (anterior, posterior and latéral) for 
musde attachments 

■ Latéral malleolus-distal enlargement, articulâtes with tibia, contributes to ankle joint 
• Interosseous membrane uniting tibia and fibula 


Fascial Compartments 


• Crural fascia 

o Deep fasda surrounding leg 
o Distal continuation of fascia lata 
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o Mâches to anterior and médial borders of tibia 
o Thicker in proximal leg 
o Continues as extensor retinaculum distally 

o Extensions from deep surtace-anterior and posterior intermuscular septa-attach to anterior and posterior margins of fibula 

• Intermuscularsepta and interosseous membrane divide leg into three fascial compartments: anterior, latéral, and posterior 

• Muscles in posterior compartment are subdivided into superfidal and deep compartments bytranswsrse intermuscular septum 




• Proximal tibiofibular joint 

o Plane-type synovial joint 
» Nonweightbearing 

o Between head of fibular and latéral condyle of tibia 

o Fibrous capsule reinforced by anterior and posterior ligaments of the head of the fibula 

• Distal tibiofibular 

o Fibrous joint (syndesmosis) 

o Médial surface of distal fibula articulâtes with facet on inferior end of tibia 

o Reinforced by anterior and posterior tibiafibular ligaments and interosseous ligament (extension of interosseous membrane) 


Muscles 
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• Anterior (= extensor) compartment 
o Primarilydorsiflewrs ofankle 
o Indude 

■ Tibialis anterior (also inverfs fbot and holds up médial longitudinal arch of foot) 

■ Extensor halluds longus (also dorsifleres halluxand inverts foot) 

■ Extensor digitorum longus (also dorsiflenes toes) 

■ Peroneus tertius (also everts foot) 


Muscle 

Origin 

Insertion 

Innervation Blood 
Supply 

Action 

anterior 

Latéral condyle and proximal half of 
latéral tibia, interosseous membrane 

Médial planter surfaces of 
médial cuneiform and base of 
first mefatarsal 

nerve (L4- 
L5) 

tibial 

artery 

Dorsiflexes ankle and 
inverts foot 

Extensor 

hallucis 

longus 

Mddle part of anterior surface of fibula 
and interosseous membrane 

Dorsal aspect of base of distal 
phalanxofgreattoe 

nerre (L5- 
S1) 

Anterior 

tibial 

Extends greattoe and 
dorsiflexes ankle 

Extensor 

digitorum 

longus 

Latéral condyle of tibia and proximal three 
quarters of anterior surface of 
interosseous membrane 

Mddle and distal phalanges of 
second through fifth toes 

fibular 

nene(L5- 

S1) 

Anterior 

tibial 

Extends second 
through fifth toes and 
dorsiflexes ankle 

Rbularis 

(peroneus) 

tertius 

Distal third of anterior surface of fibula 
and interosseous membrane 

Dorsum of base of fifth 
mefatarsal 

fibular 
nerne (L5- 
S1) 

Anterior 

tibial 

artery 

Dorsiflexes ankle and 
aids in enersion of foot 
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• Latéral (= everter) compartment 

o Primarilyeverters of the foot 
o Indude 

■ Peroneus longus 

■ Peroneus brevis 

■ Both plantarflexankle, evertfoot, and hold up latéral longitudinal arch offoot 
Muscles of the Latéral Leg 


Muscle Origin 

Insertion 

Innervation 

Blood Supply 

Action 

Rbularis 

Head and proximal two 

Plantar base of first 

Superficial fibular 

Avterior tibial 

Everts foot and weakly 

(peroneus) 

longus 

thirds of latéral fibula 

metatarsal and médial 
cuneiform 

nerve (L5 - S2) 

artery fibular 

plantarflexes ankle 

Rbularis 

(peroneus) 

Distal two thirds of 
latéral surface of fibula 

Dorsal surface of tuberosity 
on base of fifth metatarsal 

Superficial fibular 
nerve (L5-S2) 

Rbular artery 

Everts foot and weakly 
plantarflexes ankle 


• Posterior compartment 

o Comprisedofsuperlicialanddeepgroups 
o Separated bytransverse intermuscular septum 
o Superlicial group = plantar flexers of the foot 

■ Gastrocnemius 

■ Soleus 

■ Plantaris 

■ Gastrocnemius and plantaris cross the knee joint and thus also flexknee 

■ Al three contribute to calcaneal tendon 
o Deep group = plantarflexersof the foot 

■ Tibialis posterior (also inverts fbot and supports médial longitudinal arch offoot) 

■ Rexer halluds longus (also plantarflexes interphalangeal joint of halluxand supports médial longitudinal arch offoot) 

■ Rexer digitorum longus (also plantarflexes DIP joints of latéral four toes and supports médial and latéral longitudinal arches 
offoot) 

o Popliteus 

■ Forms inferior floor of popliteal fossa 

■ Tendon lies between fibrous capsule and synovial membrane of knee joint 

■ Reres knee 

■ Rotâtes fémur fivedegrees laterallyon tibial plateau to unlock knee so flexion can occur 
Muscles of the Posterior Leg 


Muscle 

Origin 

Insertion 

Innervation Blood Supply 

Action 

Superficial Muscles 

Gastrocnemius 

Latéral head: latéral aspect of 
latéral condyle of fémur. 

Médial head: popliteal surface 
above médial condyle of fémur 

Posterior aspect ofcalcaneus via 
the calcaneal tendon 

Tibial 
nerve (SI - 
S2) 

Popliteal 

artery 

Plantarflexes the 
ankle joint, 
assists in flexion 
ofthe knee joint 

Soleus 

Posterior aspect of head of 
fibula, proximal fourth of 
posterior surface of fibula, 
soleal line of tibia 

Posterior aspect ofcalcaneus via 
the calcaneal tendon 

Tibial 
nerve (S1- 
S2) 

Posterior tibia 
artery fibular 

popliteal 

Plantarflexes the 
ankle and 
stabilizes the leg 
over the foot 

Plantaris 

Popliteal surface of fémur 

Calcaneal tendon 

Tibial 
nerve (L5- 
S1) 

Popliteal 

Weakly assists 
gastrocnemius 

Deep Muscles 

Popliteus 

Latéral aspect of latéral condyle 
of fémur and latéral meniscus 

Posterior tibia above soleal line 

Tibial 
nerve (L4 - 
SI) 

Popliteal 

artery 

Unlocks and 
weakly flexes 
knee joint 

Rexer hallucis 
longus 

Distal two-thirds of posterior 
fibula and inferior part of 
interosseous membrane 

Base of distal phalanxofgreattoe 
(hallux) 

Tibial 
nerve (L5 - 
S2) 

Rbular artery 

Rexes greattoe, 
weakly 

plantarflexes the 

digitorum 

longus 

Médial part of posterior tibia 
inferior to soleal line 

Plantar bases of distal phalanges 
of latéral four toes 

Tibial 
nerve (LA- 

SI) 

Posterior 
tibial artery 

Rexes latéral four 
toes, plantarflexes 

Tibialis 

posterior 

Posterior tibia below soleal line, 
interosseous membrane, 
proximal halfof posteriorfibula 

Tuberosity of navicular bone, ail 
cuneiforms, cuboid and bases of 
second through fourth 
metatarsals 

Tibial 
nerve (L4- 
L5) 

Rbular artery 

Plantarflexes foot 
atthe ankle and 
inverts the foot 
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FACTS & HINTS 

HIGH-YIELD FACTS 

Clinical Points 


Compartment Syndrome 

• Abnormally high pressure within one of the leg's restricted compartments 

• Caused byhemorrtiage, edema, or inflammation ofthe musdes ofthe leg, often secondaryto trauma ordeepvsin thrombosis 

• Increased compartmental pressure causes ischemia and nerws damage 

• May lead to permanent injuryof distal structures supplied by effected arteries and fsins 

• Managements surgicakfasciotomyanddebridementofanynecrotictissue 

Shin Splints (tibialis anterior strain) 

• Edema and pain o\er distal two thirds ofthe tibia 

• Caused by répétitifs microtrauma to the tibialis anterior muscle 

• Common in athletic ofsrexertion 

• Often in pensons who do not eærcise, when theytrya long distance walk 

• Amild form of anterior compartment syndrome 

• Chronic condition can cause periostitis and bone remodeling, or lead to stress fractures 

Ruptured Achilles' Tendon 

• Tendonitis ofthe calcaneal tendon 

• Acommon running injury 

• Rupture ofthe tendon usuallyoccurs in untrained middle-aged individuals with a historyoftendonitis 

• Présents as sudden calf pain with an audible snap and subséquent inabilityto plantarflexthe foot 

• Gap is palpable in complété rupture 


MNEMONICS 
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53 Ankle and Foot 

STUDYAIMS 

At the end of your study, you should be able to: 

• Understand the structure of the ankle mortise and its supporting ligaments and appreciate its vulnerabilityto injury 

• Knowthe bones ofthefbotand theirorganization 

• Understand the functional importance of the ligaments and fascia of the foot 

• Describe the arches of the foot 

• Understand the arrangement of the intrinsic muscles of the foot 

• Knowthe descriptive layers of the plantar surface of the foot 
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GUIDE 

Lower Limb: Ankle and Foot 

Ankle Joint (Talocrural Joint) 






• Médial nullcoli» 

•Mus 



[Plate 514, Ankle: Radiographs] 


• Uniaxial, synovial, hinge type joint 

• Articulation between tibia (médial malleolus), fibula (latéral malleolus), and talus 

o Distal ends of tibia and fibula form a mortise 
o Trochlea of talus fits into mortise 
° Malleoli grip talus 

• IVbwsments 

o Dorsiflexion 

■ Produced by muscles of anterior compartment of leg 

■ Limited bytriceps surae 

■ IVbre stable when dorsiflexed 

o Plantarflexion-produced by muscles of posterior compartment of leg 
o Some rotation, abduction, and adduction of joint possible in plantar flexion 

• Capsule 

o Thin 

o Supported bystrong collateral ligament 
o Attached to tibia and malleoli superiorly and talus inferiorly 

• Ligaments 

o Latéral consists ofthree parts 

■ Anterior talofibular-from latéral malleolus to neckof talus 

■ Posterior talofibular-from malleolarfossa to latéral tuberde of talus 

■ Calcaneofibular-from tip of latéral malleolus to latéral calcaneus 
o Médial or deltoid 

■ Strong ligament 

■ Originates on médial malleolus 

■ Fibers can be identified as 
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■ Aiterior and posteriortibiotalar 

■ Tibionavicular 

■ Tibiocalcaneal 

• Blood supply: malleolar branches offibular, and anteriorand posterior tibial arteries 

• Ner\e supply: Tibial nerve and deep fibular nerva (a branch of the common libular) 


Foot 
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• 26 in number 

• Tarsal bones (7) 

■ Has head, neck, body with trochlea, posterior, and latéral processes 

■ AUculates witb fibula, calcaneus, and navicular 

■ Has no muscular attachments 

■ Head rests on latéral projection of calcaneus-sustentaculum tali 

■ Wider anterioriy making the ankle more stable in dorsiflexion 
o Calcaneus 

■ Largest and strongest bone 

■ Posterior prominence-calcaneal tuberosity-with médial, latéral, and anteriortuberdes 

■ AUculates witb the talus and cuboid 

■ Transmits body weightfrom talus to ground 

■ Latéral projection-sustentaculum tali-supports talar head 
o Navicular 

■ Flattened bone with inferomedial tuberosity 

■ Located between talar head and three cuneiform bones 
o Cuboid 

■ Inferolateral groove for tendon of peroneus longus 

■ IVbst latéral bone in distal row of tarsals 
o Cuneiform (3) 

■ Médial, intermediate and latéral 

■ Each articulâtes with navicular posteriorly and base of related metatarsal anterioriy 

■ Latéral articulâtes with cuboid 

• IVfetatarsals (5) 

o Hawe base (proximal), body and head (distal) 
o Bases articulate with cuneiform and cuboid bones 
° Head articulâtes with proximal phalanges 

o Médial and latéral sesamoid bones on plantar surface of first metatarsal in plantar ligament 

• Phalanges (14) 

o Great toe (hallux) has two-proximal and distal 
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o Other toes ha\e three-proximal, middle and distal 
o Each consists of proximal base, body and distal head 




• Important interlarsal joints 

o Where inversion and eversion occur 
o Subtalar 

■ Synodal joint with where talus rests on calcaneus 

■ Rbrous capsule supported bytalocalcaneal ligaments 
o Transversetarsal, composed of 

■ Calcaneocuboid joint 

■ Talonavicularjoint 

• Other joints where slight mo\ementoccurs 

o Talocalcaneal 
o Tarsometatarsal 
o Metatarsophalangeal (MTP) 
o Interphalangeal: proximal and distal (PIP and DIP) 


• Tarsal and metatarsal bones are arranged in longitudinal and trans\erse arches 

• Bonyarches maintained by 

o Interlocking bones 
o Plantar ligaments 
o Plantar aponeurosis 
o Action of plantar muscles 

• Functions 

o Shock absorbera for body weight 
o Distribue body weight 
o Make foot adaptable to changes in surface 

• Longitudinal arch composed of médial and latéral arches 

• Médial longitudinal arch 

o Higher arch than latéral 

o Composed of calcaneus, talus, navicular, three cuneifbrms, three médial metataraals 
o Talar head is keystone 
o Strengthened by 

■ Tibialis anterior tendon and attachments 

■ Fibularis longus tendon 

• Latéral longitudinal arch 

o Flatter than médial 

o Rests on the ground when standing 

o Composed of calcaneus, cuboid, and latéral two metataraals 

• Transverse arch 

o Formed bycuboid, cuneifbrms, bases of metataraals 
o Has pillara formed bylateral and médial longitudinal arches 
o Maintained byfibularis longus tendon 

Ligaments (major ligaments listed) 

• Ail foot bones are United by plantar and dorsal ligaments 

• Plantar calcaneonavicular ligament 

o Also called spring ligament 
o From sustentaculum tali to navicular 
o Maintains longitudinal arch of foot 

• Long plantar ligament 

o From plantar surface of calcaneus to cuboid 
o Mai ntai ns foot arches 

• Plantar calcaneocuboid ligament 

o Also called short plantar ligament 
o Deep to the long plantar ligament 

o From inferior surface of calcaneus to inferior surface of cuboid 


Plantar Muscles 
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• Four layers in the sole of the foot 

• Individual muscles of little importance as fine control of the toes is not required 

• Aneurouascular plane exists between the first and second and third and fourth layers 


Muscle 

Proximal Attachment 
(Origin) 

Distal Attachment (Insertion) 

plantar foot 

Innervation 

Action 

Æbductor 

hallucis 

Médial process of 
calcaneal tuberosity 

Médial side, base of proximal 
phalanxof first toe 

First Layer: 
deep to 
plantar 
aponeurosis 

Médial plantar 
nerve (S2-S3) 

Abducts and flexes first toe 

digitorum 

Médial process of 
calcaneal tuberosity 

Four tendons splitto allow 
passage of long flexor tendons, 
inserton middle phalanges 

First Layer: 
deep to 
plantar 
aponeurosis 

Médial plantar 
ner\e (S2-S3) 

Fleæs second through fifth 

Æbductor 

minimi 

Calcaneus 

Latéral side, proximal phalanx 
of fifth toe 

First Layer: 
deep to 
plantar 
aponeurosis 

Latéral plantar 
ner\e (S2-S3) 

Abducts and fle>es fifth toe 

Quadratus 

plantae 

Médial and latéral 
sides of plantar 
surface of calcaneus 

Latéral edge of fle>or digitorum 
longus tendon 

Second Layer 

Latéral plantar 
nerve (SI-S3) 

Corrects for oblique pull of 
FDL tendon; thus assists in 
flexion of toes 

Lumbricals 

First: Médial side of 
tendon to second toe 
Second through 
fourth: Adjacent sides 
ofcontiguous 
tendons 

Médial side of dorsal digital 
expansions 

Second Layer 

Médial one: 
Médial plantar 

Latéral three: 
Latéral plantar 
ner\e (S2-S3) 

Rex proximal phalanges at 

IVP joint, extend distal 
phalanges at PIP and DIP 
joints 
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hallucis 

Plantar surfaces of 
cuboid and latéral 
cuneifbrm 

Divides in two, to each side of 
saseof proximal phalanxof 

Third Layer 

Médial plantar 
ner\e (S1-S2) 

Flexes proximal phalanxof 

AJductor 

hallucis 

Oblique head: bases 
of second through 
fourth metatarsals 
Transverse head: 
Ligaments of 
metatarsophalangeal 
joints 

Latéral side, base of proximal 
phalanxof firsttoe (both heads) 

Third Layer 

Deep branch of 
latéral plantar 
nene (S2-S3) 

Alduds firsttoe, maintains 
transverse arch 

Rexor digiti 

minimi 

brevis 

Base of fifth 
metatarsal 

Base of proximal phalanxof 
fifth toe 

Third Layer 

Superfidal 
branch, latéral 
plantar nene 
(S2-S3) 

Flexes proximal phalanxof 
fifth toe 

Plantar 

interossei 

(3) 

Bases and médial 
sides of third through 
fifth metatarsals 

Médial sides of bases of 
proximal phalanges of third 
through fifth toes 

Fourth Layer 

Latéral plantar 
nerve (S2-S3) 

Alduct second through fourth 
toes and flex IVPjoint 

interossei 

(4) 

Atjacent sides offirst 
through fifth 
metatarsals 

First: médial side of proximal 
phalanxof second toe 

Second through fourth: latéral 
sides of second through fourth 

Fourth Layer 

Latéral plantar 
nene (S2-S3) 

Alduct second through fourth 
toes and flex WP joints 


Dorsal Muscles ofFoot 

• Form bulge on dorsolateral surface offoot, anterior to latéral malleolus 

• Two muscles blend together 

• Extensordigitorum brevis 

o Proximal attachaient: superior surface, antérolatéral calcaneus 
o Splits into four muscles, each with a tendon that blends with that of long extensor 
° One tendon togreattoe 
o Other tendons to second totburthtoes 

• Extensor halluds brevis 

o Largestand mostmédial bellyofextensordigitorum brevis 
o Inserts on proximal phalanxofgreattoe 

• Supplied by deep fibular nene 

• Assist extensor digitorum longus in extending toes 


• Deep fascia on dorsum offoot 

o Thin on dorsum 

o Continuous with inferior extensor retinaculum 
o Over latéral and posterior aspects it is continuous with plantar fascia 

• Deepfasciaofplantarsurfaceoffoot 

o Central condensation of plantar fascia forms plantar aponeurosis 
o Aises fforn calcaneus 

o Divides into five fibrous bands that split to enclose digital tendons 

o Vfertical septa from deep surface divide the tbot into médial, central, and latéral compartments 

• Functions of plantar fascia 

o Floldsfoot together 
o Protects sole of footfrom injury 
o Supports longitudinal arches 


416/425 



FACTS & HINTS 

HIGH-YIELD FACTS 

Clinical Points 

Ankle Sprain 

• As a resuit oftears in libers of ligaments supporting the ankle 

• Commonlythe resuit of fbrced inversion of foot causing strain on weaker latéral ligaments 

• Anterior talofibular ligament most likelyto tear 

• Resultin instabilityofankle joint 

• Calcaneofibular ligament may also be tom 

Ankle Fracture 

• Severe ankle strain mayfracture the médial, or more commonly the latéral malleolus 

• APott's fracture-dislocation occurs when foot is tbrcefullyeverted, shearing off the médial malleolus 

• Latéral malleolus is then snapped as the talus moues laterally 

• May also fracture fibula abowa distal tibiofibular joint and distal end of tibia 

Plantar Fasciitis 

• Mcrotrauma to proximal attachment ofthe plantar aponeurosis to the calcaneus, resulting in inflammation of plantar aponeurosis 

• Caused by répétitive strain on the longitudinal plantar arch, such as during extensif running or high impact aérobics 

• Pain felt o\er the proximal plantar surface ofthe foot 

• Especiallypainful after sitdng and firstthing in the morning 

• Treatment is conservative with rest and analgesia 


MNEMONICS 
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54 Neurovasculature 

STUDYAIMS 

At the end of your study, you should be able to: 

• Describe the arterial supplyof the lower limb, distinguishing the arteries supplying each of the compartments of the thigh and leg 

• Knowthe surface markings to locate the fémoral arteryand palpate the puises ofthe popliteal, posterior tibial, and dorsalis pedis arteries 

• Describe the venous drainage ofthe lower limb 

• Describe the lymphatic drainage ofthe lower limb 

• Knowthe nenous inneruation to the compartments ofthe thigh and leg and recognize the course ofthe major neruss ofthe lower limb 

• Understand the dermatome and myotonie maps ofthe lower limb 
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GUIDE 

Lower Limb: Neurovasculature 
Vascular Supply: Arteries 
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• Fémoral artery 

o Continuation of the extemal iliac artery 
» Main arteryoflowerlimb 

o Palpable inferiortothe midinguinal point, notafthe midpointofthe inguinal ligament 
o Descends in fémoral triangle on iliopsoas and pectineus, latéral to fémoral vein 
» Enters adductor canal deep to sartorius and exits at adductor hiatus 

• Profunda femoris (deep artery ofthigh) 

o Main artery to the thigh 
o Largest branch of fémoral 

o Aises from latéral aspect of fémoral in fémoral triangle 
o Supplies anterior and médial (adductor) compartments of the thigh 
o Supplies posteriorcompartmentbyperfbrating arteries 

o Gi\es off médial and latéral circumflexfemoral arteries thatsupplythe head of the fémur and muscles of latéral thigh 

• Obturator artery 

o Branch ofthe internai iliac artery (or mayarise from the inferiorepigastric) 
o Enters thigh through obturator foramen 
o Divides into anterior and posterior branches 

o Supplies adductor compartment ofthe thigh along with profunda femoris 

• Popliteal artery 

o Continuation ofthe fémoral artery (at adductor hiatus) 
o Palpable in the popliteal fossa (best fait when knee is flexed) 

o Gives offfiwe genicular branches supplying articular capsule and ligaments of knee joint 

■ Médial and latéral superior genicular 

■ Mddle genicular 

■ Médial and latéral inferior genicular 

■ Form anastomosis around knee joint 

o Bifurcates into anterior and posterior tibial arteries 

• Aiterior tibial artery 

o Smalleroftwo terminal branches of popliteal 
o Passes through gap in interosseous membrane 
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o Supplies muscles ofanteriorcompartmentofthe leg 
o Descends on interosseous membrane and becomes dorsalis pedis artery 

• Posterior tibial artery 

o Largeroftwo terminal branches of popliteal 
o Supplies muscles of posterior comparlment 
o Gives off fibular artery 
o Descends deep to soleus 

o Provfides main blood supplyto foot, after passing inferior to médial malleolus 
o Palpable behind the médial malleolus 
o Gives off nutrient artery to the tibia 

• Circumflexfibular artery 

o Aises from origin ofanteriororposteriortibial 
o Passes over neck offibula to anastomosis around knee 

• Fibular artery 

o Largest branch of posterior tibial 
o Supplies muscles of latéral compartmentofthe leg 
o Beginsbelowtendinousarchofsoleus 
o Gives off nutrient artery to the fibula 
o Pierces interosseous membrane to reach dorsum of fbot 

• Dorsalis pedis 

o Continuation of the anterior tibial artery 
o Palpable between the first and second metatarsal heads 
o Divides into plantar and arcuate arteries 
o Supplies muscles on dorsum of foot 

o Pierces first dorsal interosseous muscle as deep plantar artery of foot (plantar arterial arch) 

• Médial plantar artery 

o Smalleroftwo terminal branches of posterior tibial artery 
o Supplies muscles of greattoe, skin on médial side of sole 
o Gives off plantar digital arteries 

• Latéral plantar artery 

o Largerthan médial 
o Axompanies latéral plantar nerve 

o Aches medially across foot, beginning at base of fifth metatarsal as deep plantar arch 
o Gives off four plantar metatarsal arteries 

o Joins branches of médial plantar to form plantar digital arteries to toes 


Vascular Supply: Veins 


• Lower limb has superfidal and deep venous Systems with perforating veins communicating between them 

• Vfeins hâve valves 

• Vëins offoot 

o Superfidal 

■ Metatarsal veins merge to form dorsal venous arch 

■ Communicates with plantar arch 

■ Both drain medially to great saphenous vein and laterally to small saphenous vein 

■ Begin as dorsal digital and plantar digital veins 

■ Merge to deep veins accompanying arteries in leg and thigh 

• Superfidal veins ofleg and thigh 

o Great saphenous vein 

■ Courses along médial side of dorsum of the foot 

■ Passes in front of médial malleolus (location for venous eut down for emergency IVaccesshere) 

■ Anastomoses freelywith small saphenous vein 

■ Acends médial side of leg, then posterior to the knee 

■ Acends along médial thigh to saphenous hiatus in fasda lata 

■ Traverses hiatus to empty into fémoral vein 

■ Has manyvelves 
o Small saphenous vein 

■ Runs behind the latéral malleolus 

■ Acends along latéral border of calcaneal tendon 

■ Pierces the deep fasda 

■ Acends between heads of gastroenemius 

■ Empties into popliteal vein 

■ Axompanied bythe sural nerve 

• Deep veins of leg and thigh 

o Axompanyall major arteries (venae comifantes) 

° Aeusuallypaired 

o Aeveriable and anastomose freely 

o Unité to form the popliteal vein and ascend as fémoral vein 

• Perforating veins 

o Penetrate deep fasda 
o Connect superfidal and deep veins 
o Hâve velves 


Lymphatics 
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• Superficial lymphatics followthe superfidal \«ins 

« Lymphatics following the greatsaphenous drain into superfidal inguinal nodes 
o Lymphatics following the small saphenous vein drain into popliteal nodes 

• Deep lymphatics 

o Follow vasculature in the musde compartments 
o Drain to deep inguinal nodes 

• Popliteal nodes drain into the deep inguinal nodes 
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• Cutaneous nenes 

o Subcostal nerve (T12)to skin anteriorto greater trochanter 
o lliohypogastric nene (L1 ) to superior latéral buttock 
o llioinguinal (L1 ) to proximal and médial thigh 

o Genitofemoral nene (L2-L3) to immediatelyinferiorto middle inguinal ligament 
° Latéral fémoral cutaneous ((L2-L3) to latéral and anterior thigh 
o Fémoral nerve (L2-L4) 

■ Via anterior fémoral cutaneous branches to anterior and médial thigh 

■ Via saphenous nene to médial side of leg and Ibot 

o Obturator nene-branch to anterior, médial and posterior proximal thigh 
o Posterior fémoral cutaneous nene-to posterior thigh and popliteal région 
o Sdaticnene 

■ Supplies fbot and most of leg 

■ Via sural, common, superficial, and deep fibular nenes 
o Cluneal nenes (superior middle and inférior)-buttock 

• Nenes to muscles of lower limb fforn lumbosacral plexus 

• Nenes in the gluteal région 

o Superior gluteal nerve (L4-S1) 

■ Emerges superior to piriformis 

■ Supplies gluteus médius, gluteus minimus and tensorfasciae latae 
o Inferior gluteal nene (L5-S2) 

■ Inferior to piriformis 

■ Supplies gluteus maximus 

o Nerve to quadratus fémoris (L4-S1 ): also supplies inferior gemellus 
o Pudendal nene (S2-S4): supplies the perineum (not structures in the gluteal région) 
o Nerve to obturator intemus (L5-S2) 

• Nenes to anterior and latéral thigh 

o Fémoral nerve (L2-L4) 

■ Enters thigh latéral and deep to fémoral artery 

■ Supplies the anterior compartmentof the thigh 
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O Obturatornerve(L2-L4) 

■ Enters thigh through obturator foramen and divides into anterior and posterior branches 

■ Supplies médial (adductor) comparlmentof thigh 

• Nerves of posterior thigh 

o Sdatic nerve (L5-S2) 

■ Enters gluteal région from pelvis through greater sciatic foramen 

■ Emerges inferior to the piriformis muscle 

■ Supplies no structures in the gluteal région 

■ Supplies posterior thigh muscles 

■ Biforcates in lower third of thigh into tibial and common tibular nerves 

■ Ma tibial and common fibular nerves, supplies ail leg and foot muscles 

• Nerves of leg 

o Tibial nerve 

o Supplies the posterior compartment of leg 
o Ends by dividing into médial and latéral planter nenes 
o Common fibular nerve 
o Wraps around fibular head 
o Divides into deep and superlicial peroneal nerves 

■ Deep fibular nerve supplies anterior compartment of leg 

■ Superficial fibular nerve supplies latéral compartment of leg 

• Nerves offoot 

o Médial plantar to 314 muscles of plantar foot 
o Latéral plantar to remaining muscle of plantar foot 


Dermatomes 

Myotonies 

• Agroup of muscles supplied byfibers from a single spinal nerve or a discrète group of spinal nerves is called a myotome 
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FACTS & HINTS 

HIGH-YIELD FACTS 

Clinical Points 

Chronic Arterial Occlusive Disease 

• Caused byatherosclerosis 

• In the lowerlimb, mostcommonlyaffects fémoral arteryas it passes through adductor canal 

• Symptoms of intermittent claudication (pain in a muscle group because of poor blood supply) brought on byeærtion in the early phase; may 
progress to pain at rest 

• Ischémie ulcers can also deualop 

• Patients with aduanced disease require vascular surgirai interuantion with bypass or endarterectomy 

• Injuryto the common fibular nerva can resuit in loss of eversion and dorsiflexion of the Ibot 

• Foot drops and toes drag on the ground when walking unless high-stepping gait is employad 

• \âriable amountof sensation also loston the antérolatéral aspect of the leg and dorsum offoot 

• Nerva is vulnérable owing to superlicial course as it wraps around fibular neck 

• Nerva maybe sevared during fracture of fibula or dislocation ofknee joint 

Meralgia Paresthetica (Gunslinger's Neuralgia) 

• Compression of the latéral cutaneous nerva of the thigh against the anterior superior iliaespine 

• Causes a stinging or buming sensation in the antérolatéral thigh 

• Was caused by low-riding gun belt in the Qd Wfest 

MNEMONICS 

Memory Aids 

Nerves of the leg and their functions: 

FH3: | (Fbular nerva Berts and Dorsiflexes the foot) 

|nP: [(Tibial nerve Inerte and Plan tarflexes the foot) 
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